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LIGHT: ITS REFLECTION AND REFRACTION. 

Rays of light proceed in all directions in straight lines from every 
object around us, whether such objects be in themselves luminous, as the 
sun, stars, etc., or only illuminated by borrowed light, such as a tower, 
pole or other landmark. 

A number of such rays form, when united, a collection of straight 
lines, which may be either cyhndrical or conical ; such a collection of rays 
is termed a pencil of light, and the central line or ray of the cylinder or 
cone is called the axis of t]ie pencil. 

Rays of light in their passage may be arrested or obstructed by rea- 
son of their falling upon an opaque substance which diverts a portion of 
them from their original course and absorbs the remainder in itself; or 
they may be intercepted by a transparent substance such as glass or water, 
called a medium^ through which a portion of them may pass. These two 
familiar cases, known as the reflection and refraction of light, are governed 
by fixed laws, a few of which we propose to examine, in so far as they 
govern the construction and use of instruments used in Surveying and 
other Engineering works. 
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When rays of light fall upon an opaque substance, it is found that 
they are more or less absorbed, and more or less remitted or reflected 
back again to the medium from which they proceeded, the degree of this 
absorption and reflection being dependent upon the nature of the body 
and of its reflecting surface. Thus, very highly polished surfaces reflect 
more light than dull ones, and glass coated with quicksilver, and certain 
metals are more suitable substances for the construction of reflectors and 
mirrors than any others. 

The general laws which govern the reflection of light may be briefly 
stated thus: — 

If a ray of light falls upon a reflecting plane surface, the angle thus 
formed by it with this surface will be the same as that formed by the re- 
^ J> ^c fleeted ray; thus, let ^ ^ be a ray of light 

falling upon the reflecting plane surface R S at 
B, and let B C hQ the reflected ray, then the 
angle A B J^ is equal to the angle CBS, also 
\f D B he perpendicular to J^ S, the angle 
Kig I. A B £>, called the angle of incidence, will be 

equal to the angle of reflection C B D, The plane passing through the 
incident ray A B and the reflected ray B C \s called the plane of inci- 
dence or the plane of reflection. 

When parallel rays of light, torming a cylindrical pencil, fall upon a 
reflecting plane surface or mirror, they will be severally parallel after re- 
flection as before, so that the angles of incidence and reflection of each 
individual ray will be all equal. 

When diverging or converging rays of light, forming a conical pencil, 

fall upon a reflecting plane 
surface or mirror, they will 
^,/ continue to have after re- 
flection the same degree 
of divergency or converg- 
ency as before, and the 
angles of incidence and re- 
flection of each separate 
and distinct ray will be 
equal; thus in the figure,, 
rays of light proceed from 
A to B, B\ and ^", and are severally reflected to C, C» and C'\ The 
angles of incidence A B D, A B^ D^ and A -5" D^^ are therefore equal 
to the angles of reflection C B £>, C^ B^ D^ and C*' ^" Z>'S and the 
degree of divergence of the separate rays from the mirror B S towards 
C, C* and C" is the same as from the point A, whence they issue, to the 
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surface of the mirror. The converse in the case of converging rays also 
holds good. 

The application of these laws is exemplified in that class of useful 
auxiharies used with the Sextant for observing altitudes, namely the Arti- 
Jicial Horizon^ of which we illustrate two different kinds. 





Figure 3 represents a Mercurial Horizon and consists of an iron 
trough into which the mercury is poured, its surface, when at rest, forming 
a perfectly horizontal plane mirror of the highest order. A glazed metal 
covering is provided to protect the surface of the mercury from currents 
of air, whilst an iron bottle to contain the mercury when not in use, com- 
pletes the outfit. The bottle is made with a screw stopper and funnel- 
shaped cap to facilitate the pouring of the mercury from the tray when 
replacing it in the bottle. 

Fig. 4 represents a Reflecting Horizon, 
formed by a black plate-glass plane 
mounted in a brass frame, 3f inches dia- 
meter, provided with three leveling screws 
and a spirit level, to enable the miiror to 
be adjusted to a perfectly horizontal posi 
tion. 

The use of these instruments, which 
depends upon the broad principles laid 




F'g. 4. 



down, will be explained in a future article descriptive of the Sextant. 

( 71? be continued ) 
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THE RECKONING MACHINE. 




We described in the last volume of The Compass several speedy 
calculating devices based on mathematical principles. 'I'he machine of 
which we give an illustration above may be said to be a Mechanical Cal- 
culator, as the results are obtained by means of certain mechanical com- 
binations. 

The Reckoning Machine will perform with rapidity and unfailing 
accuracy calculations of every kind from simple addition to the extraction 
of square roots, and that without mental strain when the method ot 
operating it has been fully mastered. The art of using this valuable in- 
strument may be easily acquired in a few days, after which a couple of 
weeks' practice will enable any man of ordinary capacity to become fully 
competent in the use of this wonderful invention for mechanical calcula- 
tion, provided he strictly follows the instructions furnished with each 
machine. 

The Reckoning Machine is naturally an instrument of delicate struc- 
ture, and owing to the nature of the work for which it is intended, is not 
made for rough treatment or undue knocking about in unskillful hands. 
It is, however, most solidly constructed and carefully finished, and will, 
with the exercise of ordinary care, last years without requiring any other 
attention than that of oiling the shaft bearings and some other parts of the 
internal mechanism. 

The Reckoning Machine is composed externally ot two main 
parts : — 
The Key-plate, or front part, is fixed in tlie mahogany case, and contains 

the interior shifting mechanism, which it covers. 
The Figure-slide^ or back part, which is movable to the right and back 

again, and also up and down upon its axle-rod. 

These two parts form the external operating surface, and present all 
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the figures and appliances by means of which the different kinds of calcu- 
lations are effected. 

The Key-plate is fixed and to its right, as shown in the figure, is a 
handle which turns in one direction only, as the hands of a watch, thereby 
setting the whole mechanism in motion. A small arrow to the left of the 
handle points to one of the minor figure holes in the slide, in which the 
successive turns of the handle are recorded. To the left of the handle are 
found a series of grooves (6, 8 or 10 according to the size of the instru- 
ment) marked from o to 9 upwards on their left sides. An index slides 
up and down each groove and can, by means of a small button, be set 
opposite any of the figures on the side of the grooves. Further to the 
left of \hQ?>Q Jigure grooves is a steering-knob, which can be moved upwards 
if the sum is to be in Addition or Multiplication, and downwards if a cal- 
culation in Subtraction or Division is to be effected, as indicated on the 
key-plate. 

The Figure-slide presents two rows of figure holes, sunk into the 
slide, beneath which revolve discs, bearing the numbers o to 9 ; the lower 
row serves to indicate the number of turns given to the operating handle, 
thus affording a continual check upon, and test of, the successive products 
which appear in the upper row of figure holes. The two large ebony but- 
tons at either end of the slide serve to turn all the discs to zero, and thus 
bring the instrument to its normal position, ready for operating. A small 
nob, arranged either above or below the holes, allows any separate disc to 
be turned either to the right or to the left, if it be required to change the 
figure. These two operations must however only be performed after rais- 
ing the figure-slide upon its axlerod, so as to sever all connection between 
the mechanism beneath the figure-slide and that beneath the key-plate. 

To operate the machine, for Addition, for example :— -See first that the 
steering-nob points to the word Addition, and that the instrument is in its 
normal position, with all the discs at zero, and the figure-slide pushed to 
the left as far as it will go. Then set the indices to the first horizontal 
row of figures, as 47325, beginning with the units 5 on the right, then the 
tens, and so on, and turn the handle round once, when the figures 47325 
will appear in the top row of holes of the slide. Now set the indices to 
the next row of figures, as 65432, and turn the handle round once more, 
when 1 12757, the sum of these two numbers, will appear in the top row of 
holes. In this way any number of sums may be added together by setting 
down each in succession in the key-plate, and turning the handle round 
once after each setting, then reading the sum total in the top row. 

Multiplication and subtraction are performed as easily, the operations 
for dividing and extracting the square root being a little more compHcated, 
but easily learnt. 

To operate the machine for Multiplication : — Set the steering nob to 
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Multiplication and see that the instrument is in its normal position, with 
all the discs at zero and the figure-slide pushed to the extreme left. Then 
set the indices to the larger of the two factors, (say 8765 to be multiplied 
by 4321) beginning with the units 5 on the right, then the tens, hundreds 
and thousands. Now turn the handle round once, when the figures 8765 
will appear in the top row of holes in the slide. Raise the slide on its 
axle-rod, and slide it towards the right until the second minor figure-hole 
comes opposite the arrow to the left of the handle, and place it again in 
its horizontal position. Now turn the handle round twice, when the 
figures 184065 will appear in the top row of holes in the slide, which is 
equivalent to 

8765 X I = 8765 

8765 X 20= 175300 



8765 X 21 = 184065 

Raise the slide again and slide it on its axle-rod one more place to the 
right, and turn the handle round three times, answering to the hundreds 
of the multiplier, when the figures 2813565 will appear in the top row of 
holes in the slide, thus obtained 

8765 X I = 8765 
8765 X 20= 175300 
8765 X 300 = 2629500 

8765 321 2813565 

Once more push the slide another place to the right, and turn the handle 
round 4 times, corresponding to the thousands of the multiplier, when the 
figures 37873565 will appear in the top row of holes in the shde, thus ob- 
tained 

8765 X I = 8765 

8765 X 20= 175300 

S765 X 300 = 2629500 

8765 X 4000 = 35060000 



8765 X 4321 =37873565 

In the minor holes of the slide will then be found the figures 4321, show- 
ing that the handle has in each case been turned round the conect num- 
ber of times. 

The handle should be turned round at an even steady rate of 3 or 4 
turns per second, and should never be left in any position other than that 
indicated by a pin projecting above the key-plate, intended to support it 
when at rest. It will be seen that with the above rate of speed the mul- 
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ti plication of two factors, each composed of several figures, can be effected 
in a few moments. 

The small white space shown on the left of the instrument is the 
opaque glass cover of an empty space which serves as a receptacle for oil, 
polishing leather, decimal counters, etc., and can be used as a slate for 
noting figures upon. 

The Reckoning Machine will be found very advantageous where 
numerous products have to be obtained, one of the factors always remain- 
ing the same, this constant factor being set by the indices, and the products 
rolled off almost as quickly as the other factor could be written down. 

The Reckoning Machine is made in three sizes, namely 
Key-plate with 6 grooves, and Figure-slide with 12 holes in the upper row, 

a a jQ u « li 20 " *' " 

SO that products in multiplication may be obtained with two factors each 
of 6 to 10 figures, and that with absolute certainty of the results being 
accurate. We have ourselves had frequent occasion to use this machine 
and can very strongly recommend it. 



On the 19th July, Messrs. Keuffel & Esser Co., the publishers of 
The Compass, celebrated the 25th anniversary ot the founding of their 
business. The ceremonies of the day were initiated at 11 o'clock, by the 
presentation to Mr. Keuffel and Mr. Esser of a handsome framed silver 
wreath, with suitable inscription, from the 46 employees of the New York 
House. The Fulton Street and Ann Street foundation stones of the 
large and commodious new building, now in course of erection (to replace 
the old one, become much too small for the increasing necessities of their 
growing business), were then laid by the founders of the firm, after which 
several toasts to the members of the firm and their /ferson/ie/, the architect 
and contractors were heartily drunk. Rendez-vous was then given to all 
those assembled to meet at 2 o'clock at Berg's Oriental Park, Jersey City 
Heights, whither some 200 of the employees of the firm's factory at 
Hoboken, with their wives and children were also directing their steps. 
Music, dancing, games for children and other attractions were abundantly 
provided, while the wants of exhausted nature were by no means over- 
looked. At 8 o'clock a substantial repast was served, during which 
several speeches were made and the employees ot the factory presented 
Mr. Keuffel and Mr. Esser with a beautiful and suitably engraved Loving 
Cup. Dancing was then resumed, and an agreeable evening spent, the 
"Home, Sweet Home" march being postponed by one and all until as 
late an hour as possible. 
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THE VALUE OF ''Pir 

A LETTER SIGNED T. R. W. appeared in a recent number of the 
New York Tribune^ bearing the superscription The Circle cannot be 
Squared^ (sic) in which the writer says : — 

"This is one of the seven polemic problems whose solutions con- 
stituted sacred knowledge, not to be attained until the human mind 
had reached a high plane of intellectual development. 

Many attempts have been made in every age to solve these problems 
and with some success. There is said to be a record of the quadra- 
ture of the circle in Egypt 500 years before the Exodus of the Jews. 
It is also claimed that the problem was solved by Hippocrates, 500 
B.C. 

The oldest mathematical book in the world, the "Papyrus Rhind" 
in the British Museum, was written by Ahmes, an Egyptian scribe of 
King Raaus, about 2000 B. C. This, as translated by Eisenlohr, 
contains a rule for making a square equal to a given circle. This 
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rule says that the diameter of the circle shortened by one-ninth of it- 
self gives a side of the required square. But this is not exact and 
therefore of no value. 

Without doubt this problem and perhaps others of the seven 
polemic problems were solved and the solutions with much other 
Egyptian learning, lost in the destruction of the Alexandrian Library. 

Pythagoras was probably the first to solve one of the problems. He 
doubled the square, and as a result of that discovery we have the 
47 th Prop, of EucHd. 

One record states that a pupil of Aristotle named Sextus, was 
commissioned to convey the secret of squaring the circle to Archi- 
medes, who at that time was the leading mathematician in applied 
geometry. 

This secret consisted in the knowledge of a certain line found 
in every circle. This Hne was called the *'Nicomedian Line" and 
is mentioned in the categories of Aristotle's Organon. During more 
than 2000 years this mystic line has eluded the search of a host of 
mathematicians. The most remarkable fact connected with its redis- 
covery is the extreme simplicity of its construction, which makes 
one wonder that it was not recognized earlier. 

Draw a diameter in any given circle and a radius perpendicular to 
it. Through the middle point of this radius draw a chord from one 
extremity of the diameter. This chord is the side of a square equal 
in area to the plane of the given circle. 

Making this line a standard measure for all geometric computa- 
tions, it becomes a solving factor for all the polemic problems." 

Assuming now, the diameter of a circle to be 4, we then have the 
chord = —^ , consequently the area of the circle =;(—-) = 12.8. 

a/5 ^ \V5y 

XT *u * c ' \ diam" X ^r, , Area X 4 

Now the area of a circle = whence n = -, — — — ^ 

4 diam^ 

_ 12.8 X 4 

If only correct, how much simpler this value would be than the cum- 
bersome old fashioned one of 3. 141 59 . . . which however has stood the 
test of centuries, and will continue to do so in spite of the vauntings of 
certain professors, {sic) T. R. W. and others. 
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THREE LEGGED DIVIDERS, 




The figure here shown represents an instru- 
ment which will be found of great use in the draught- 
ing room, both for copying drawings and for plotting 
angles. The long round leg slides in a socket hinged 
to the joint and can be adjusted for length so as to 
enable larger measurements to be taken and angles 
to be set off with greater accuracy. 

For copying drawings, the three . legs of the 
dividers must be made to coincide with any three 
points of the original ; two of the legs must then be 
set upon two already determined points of the copy, 
when the third leg of the dividers will indicate al: 
once the position of the unknown point on the copy. 

For laying off angles, take a paper protractor, 
about 8 or 10 inches diameter, and set the adjust- 
able leg exactly in the centre, having previously 
pushed it out to its fullest length. With the points 
of the two other legs, take off on the circumference 
of the protractor the desired angle, which can be 
done with great nicety. Transfer then the long leg 
of the dividers to the apex of the angle on the draw- 
ing, and lay off with the other legs two points to indi- 
cate the direction of the sides of the angle; the re- 
quired angle can then be easily and quickly plotted. 

Other uses of this handy instrument will readily 
suggest themselves. The quality is that so well known 
by the term Paragon, while the finish and easy mo- 
tion of the joints is all that could be desired. The 
illustration is two-thirds size. 



SUBTERRANEAN TEMPERATURE. 

Careful observations have been recently made in Germany in a 
deep bore-hole to ascertain the rate of increase of temperature compared 
with the corresponding increase of depth below the general level of the sur- 
face of the earth. They showed that the increase in temperature is both 
regular and constant, it being 45.3° R. (138.8° Fahr.) at a depth of 5628 
feet, the increase being at the rate of i^.R. for every 46.09 metres of 
depth, (=: i^ Fahr. for each 67.2 feet). 
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From the data supplied by Mr. M. Hasslacher, who was in charge o^ 
the work, Mr. Charles Zundel, in a paper recently read before the Societe 
Industrielle de Mulhouse, gave the following formula for calculating the 
temperature in degrees Reaumur, at any given depth : 

^ = «-3 + 1^9 . 

in which P represents the depth in Metres. 

From the above we deduce the following equivalent formula for de- 
grees Fahrenheit, at any given depth : 

X) — 19.68 



ir= 50.68 
in which D = depth in Feet. 



67.2 



ENGINEERING AND SURVEYING INSTRUMENTS, 

The Level. 




Fig. I. 

Leveling is one of the most important of the Surveyor's or Engi- 
neer's operations. Precise levehng is the art of tracing an artificial hori- 
zontal line which shall, in every diiection, be exactly or as near as pos- 
sible, at right angles to that earth's radius upon which the operator is 
located. 

Various kinds of instruments are employed for ascertaining horizontal 
lines, but the one most generally used for accurate work is that called the 
Engineers Y Level, shown in Fig. i. 

It consists of a telescope, to which is attached a long spirit level, re- 
posing in wyes or vertical supports connected with a horizontal bar, which 
is firmly secured to a central or vertical axis upon which the whole may 
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revolve. It will be evident from the above definition of leveling, that the 
vertical axis should coincide absolutely with the earth's radius by which 
it is traversed, and that the horizontal bar, level and line of sight of the 
telescope should be perpectly parallel to one another m all positions and 
also absolutely at right angles to the vertical axis. 

This instrument is in its main parts similar to others of the same 
type, although, as in the case of the Transit, described in the last volume 
of The Compass, many important improvements have been introduced. 

The centre is of gun-metal and sufficiently long to give stability and 
allow of easy and steady rotation even after long use ; the ordinary level- 
ing plate is replaced, by four arms, shown in 
Fig. 2, of light but strong construction, 
joined to the outer sleeve at r, r, so that in 
case of a blow or straining of the leveling 
screws, this distribution of the points of con- 
nection with the sleeve would prevent it 
from being distorted and protect the centre 
from injury. This arrangement also gives 
more room for manipulating the leveling, 
clamp and tangent screws. The two latter 
^'S- 2. are made to revolve with the telescope so 

that they always remain in the same relative position and are always 
equally accessible. The tangent screw is of very hard German silver and 
is provided with an opposing or compensating spring to prevent lost 
motion. 

The bar, which is of gun-metal, is flat and shaped so as to combine 
the greatest strength with the least weight, the main part of the weight 
bearing directly upon the centre. The underside of the bar is ribbed to 
avoid unnecessary weight. 

The wyes in which the telescope rests are substantial and firmly fixed 
to the horizontal bar, being secured by nuts which are adjusted by a steel 
pin ; one of the wyes is capable of a slight vertical movement by means 
of double nuts, to insure the horizontality of the wyes when the bubble is 
in the centre of the tube. 

The telescope is locked in the wyes by a patented arrangement dis • 
pensing with the usual pin bolts which are apt to be lost. One end of 
euch of the clips is hookshaped, as shown in Fig 3, and engages with a 
pin in the wye, half of which is cut away, thus forming a cam. A half- 
turn of this cam either way, effected by a small lever, locks or unlocks 
the clip and holds the telescope secure. A pin in the clips of the wyes, 
acting against a stop attached to the telescope, enables the latter to be at 
once so placed in the wye supports that the cross hairs may be vertical 
and horizontal. 
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^'.*.'.*r.7\ The telescopes vary from 15 to 22 inches in length 

and are similar in construction to those described in con- 
nection with the Transit. The object-glass is brought into 
focus by means of a patent rack and pinion, with anti-fric- 
tion movement whicli can neither bind nor interfere with 
free motion, thus enabling the telescope to be both easily 
and accurately focused. The pye-piece is adjusted by a 
patent lever which is a simple and ingenious improvement, 
both easy and positive in action, enabling the focusing to 
be effected with the greatest nicety. The milled heads 
Figr"3. for moving the objective and ocular are placed on the top 

of the telescope, so that they may be conveniently accessible to either 
hand. 

The spirit level attached to the telescope is long and sensitive, the 
"bubble tube being finely graduated and carefully tested to ascertain the 
angle covered by the movement of the bubble through one single division, 
this value being marked on the end of the tube. The tube is adjustable 
both vertically and horizontally, so that its axis may be brought into coin- 
cidence with the line of coUimation of the telescope. 

It will be seen from these particulars that every facility is provided 
for accurately adjusting the various parts of the instrument, so as to insure 
good work being performed with it. 

{To be continued,) 



ANALYSIS AND TESTS OF DRAWING PAPER. 

The multiplicity of materials used by paper manufacturers has 
Tendered the testing and analysis of this product a difficult operation, and 
one which necessitates the use of really scientific methods. 

The following is, according to the Revue de chimie indjistrielle^ the 
method by which these tests are carried out at Charlottenburg. The 
operations relate to the following points : — 

a. Tenacity and elasticity. 

b. Resistance to rubbing. 

c. Thickness. 

d. Nature of the size employed. 

e. Ashes. 

/ Nature of the materials composing the stock. 
g. Presence of chlorine or free acid. 

The analysis includes mechanical processes, chemical essays and 
especially microscopic examinations. 
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To determine the tenacity, a certain number of strips, taken in diffe- 
rent senses, are tried on a special machine, called the Gartyg-Reisch; the 
mean of the results is taken, and the tenacity is expressed in terms of the 
length of the strips essayed, whereat they break ; this figure is easily de- 
duced when the weight of the paper and the coefficient of tension are 
known. 

The Gartyg-Reisch machine gives also the degree of elasticity of the 
paper. 

For the resistance to rubbing, a sample is simply rubbed between the 
hands during a given time ; the number of operations necessary to obtain 
com{)lete disaggregation is proportional to tlie quality of the paper. 

The thickness is determined very exactly by means of an instrument 
provided with a micrometer screw. 

The nature of the size is determined by means of chemical reagents : 
a sample of the paper is boiled in water and a solution of tannin is poured 
into the decoction ; if gelatine (animal glue) be present, a precipitate 
shows itself, or the liquid becomes at least turbid. To liberate vegetable 
glue, a decoction is made of the paper in alcohol ; when this decoction 
is poured into cold water, the resin is precipitated. 

The amount of the size in the paper is estimated by the following in- 
genious method ; several lines are traced on one side of the paper with an 
aqueous solution of perchloride of iron, and the paper is then laid on a 
solution of tannin with the unwritten side downwards ; the time which 
elapses between the placing of the paper in the bath and the blackening 
of the lines is proportional to the amount of size. 

Commercial cellulose does not leave one per cent, of ashes ; if the 
paper leaves a greater proportion, it proves that mineral substances have 
been employed, and the percentage of them is easily determined. 

The presence of chlorine is easily detected by means of starchy 
saturated with iodide of potassium ; this latter then takes a bluish hue. 

The detection of free acids is a very delicate operation, and is prefer- 
ably performed by the Gertzberg process, by means of a sensitive red. 

In good papers, however, it is rare that traces of either chlorine or 
free acids are discovered. 

The microscopical tests are often very useful ; a small piece of the 
paper is placed on the stage of the instrument, and a drop of a solution of 
iodine poured upon it ; if the paper is made from wood pulp, the fibres 
will turn yellow ; if flax, hemp or cotton alone form the stock of the paper, 
the coloration of the fibres will be brownish yellow, and if the paper be 
made of pure cellulose, the iodine will in no way affect the color of the 
fibres. 

It is better, for the microscopical examination, after having damped 
the paper with the iodine solution, to boil it in a porcelain capsule with a 
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few drops of alcaline solution ; if the paper is sized, the solution will be- 
come after 2 or 3 minutes of a yellowish tint. After a quarter of an hour's 
boiling, the paper pulp is washed in water, then held in fresh water to be 
examined with the microscope. 

The appearance of the different vegetable fibres is not the same in 
the pulp of the paper that it is at the beginning of th* process of manufac. 
ture ; the determming of the materials composing the stock is therefore 
difficult and can only be done by an expert. The Bulletin de la Societe, 
cT encouragement pour V Industrie natlonale published some time ago a series 
of drawings which singularly facilitate the determination of the fibres. 

It is well known that the average quality of the paper made in Ger- 
many has sensibly improved of late years, and there is no reason to doubt 
that this result is in a great measure due to the influence of these scien- 
tific analyses and tests. — Revue Scientifique, 



THE SHADING OF DRAWINGS, 

The Line Shading of Drawings is an important part of the 
draughtsman's work, if general and artistic effects are taken into considera- 
tion. The Section- Liner described in our last number will be found to be 
a very useful instrument for doing this neatly, accurately and with dis- 
patch. A sample card of shadings can be easily made with the following 
simple Settings, from which any degree of shading as desired may be 
afterwards selected, and the arm at once set to produce the same : — 

Setting with one tooth 10^ 20^ 30° 40*^ 50° 60° 70° 80^ 90° 



Lines per in. 




138 


70* 


48 


37J 


31* 


27I i 


'5i 


Mj 


24 


or, in some cases, 


the following 


may 


be found more suitable 


:— 






Lines per in. 


10 


20 30 


40 


50 


60 


70 


80 


) 


JO 


100 



Setting 53.1^ 36.9° 53.1° 36.9^ 28.7^ 23.5^ 20.1^ 17.3° 15.5^ 13.9° 
No. of teeth 32 iiiii iii 

The great advantage of this method is that any particular degree of 
shading can be easily and accurately reproduced, so that absolute uniform- 
ity may be secured, although the drawings may have been executed at very 
different times. 

It is especially desirable that drawings intended to be copied by the 
Blue Print or Nigrosine Process should be shaded with care, as any sloven- 
liness becomes most apparent. For such, therefore, Both's Section-Liner 
is both the best and the simplest. 
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NEW BOOKS. 

The Michigan Engineers' Annual for 1892, gives a detailed 
account of the Proceedings of the Michigan Engineering Society during 
the past year with a full report of its doings at the annual convention held 
at Grand Rapids on January 19, 20 and 21, as well as the papers read and 
discussions proceeding therefrom. The work is well prmted in clear type 
on good paper, and is wortliy of a place in the Engineer's and Surveyor's 
library by reason of the interest attaching to the many subjects brought 
under review. We are pleased to note that this society under the presi- 
dency of Professor J. B. Davis of Ann Arbor, ably seconded by Mr. F. 
Hodgman, A.S.C.E., the well-known author of a Manual 0/ Land Survey- 
ifig^ as Secretary, is flourishing and reaching forward to higher attain- 
ments. 

Industrial and Manual Training in Public Schools, being 
Part II of a Special Report on Education in the Industrial and 
Fine Arts in the United States, prepared and compiled by Isaac 
Edward Clarke, A.M., in compliance with a resolution of the U. S. Senate. 
This volume forms a fitting companion to Part I on Drawing in Public 
Schools, and the two contain an exhaustive review of "certain educa- 
tional theories and experiments that are just at present occupying the 
attention of educators all over the civilized world." 

It has now long been conceded that in these days of progress, 
special industrial teaching is of the highest importance, not only from a 
commercial standpoint, but also from a moral one. To become pre- 
eminent in arts, sciences, manufactures and industries is not the work of a 
■day, nor is such a high honor attained by intuition, but by close searching 
after, feeling for and reaching towards the truths which lie at the very 
foundation of all science and art. That progress may be general and per- 
petual, it is necessary that the results of the searchings and probings with the 
-consequent lessons learned, and the struggles and resulting victories won 
by the noble leaders of the past and of to-day, shall be not only simply 
handed down for the benefit of their immediate successors, but shall be so 
inculcated m our public and industrial schools and colleges, that our stu- 
dents may be fitted to take a higher stand when they set out on the seri- 
ous and active march of life, and so by devoting their whole energies to 
the race before them, may be enabled to attain greater pre-eminence and 
achieve greater victories than their predecessors. 

This most interesting volume tells us in an able and agreeable man- 
ner what has been done, and what is being done, in this and other coun- 
tries to accomplish these purposes, and its perusal will well repay those in 
any^way interested in the present "Industrial Education Movement." 
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UNIVERSAL PROPORTIONAL DIVIDERS. 

We have stated in previous numbers of The Compass that we 
considered it would be a great advantage if Proportional Dividers were 
graduated from point to point and divided into a convenient number of 
equal parts, so that the slider could be set to give any desired ratio be- 
tween the opening of the points of the two ends. Such an instrument is 
now offered to the public by the Publishers of The Compass, and we pro- 
ceed to describe the same and to enumerate a few of the uses to which it 
may be put. 

These Dividers, called Universal Proportional Dividers, and for 
which a patent has been applied for, are lo inches long from point to 
point, and are graduated throughout half their length to a scale of 200 
equal parts, reading to tenths by means of a vernier which replaces the 
ordinary slider. The settings are made with a rack and pinion which pro- 
vides an easy and accurate mode of adjustment, and the fine steel points 
are movable, being held firmly by screws, so that they can be set to their 
original length 'or replaced in case of breakage. They can also be had 
with the usual solid leg. 
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Figure i shows this instrument, with the exception of the scale of 
equal parts which takes the place of the graduations shown, and the ver- 
nier which replaces the ordinary slider with a single setting line. 




We have already shown that the graduating of Proportional Dividers 
depends upon the Proposition that when two sides of a triangle are propor- 
tional to the tivo sides of another triangle^ each to each^ and their included 
angles ate equal, then the third side of the one bears the same proportion to 
the third side of the other. 




Fig. 2. 

If therefore, in Fig. 2, the length of -^ C is to the length ot C Z> as 5 
is to 3, then will the opening y be to the opening x^ as 5 is to 3. To find 
the position or setting of C, corresponding to the pivot of the Propor- 
tional Dividers, we have the formula 



^ = 



L X X 

x-\-y 



where L = the total length of the Dividers 

X = the lesser term of the ratio, corresponding to C D^ 
y = the greater term of the ratio, corresponding to A C, 
and *$* = the distance of the pivot C, measured from the end D, 

In the instrument we are describing, the whole length ^ ^ is sup- 
posed to be divided into 200 equal parts, reading with a vernier on the 
slider to 2000 parts. If therefore we wish to set the Dividers to give the 
proportion of 5 to 3, we have 

We therefore by means of the rack adjustment set the slider to 750, and 
have the opening x equal, by any scale of equal parts, to 3 and the open- 
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ing7 equal to 5, seeing that 3 : 5 as 750 : 1250 and 750 -}- 1250= 2000. 
Any other desired simple proportion may be obtained in the same manner. 
Settings equivalent to the graduations of the Scale of Planes are ob- 
tained by means of the formula 

^ 2000 X Vx 

~ V^ + Vy 

and the Settings equivalent to the graduations of the Scale of Solids of the 
ordinary Proportional Dividers are obtained by the following formula 

3- 

^ _ 2000 X \/x 

~~ ~3 3 

V ^ + V> 

A table however accompanies each instrument giving the Settings for 
more than 30 ratios each, for Lines, Planes and Solids, besides several 
miscellaneous proportions, which will often be found useful, and to some 
of which we will refer, as they can frequently be made to replace tables. 

Setting 483 gives the ratio of the Diameter to the Circumference of a 
circle, (i to 3.1416) and will be useful amongst other things for reducing 
circular motion to linear, and vice-versa. It may also be used with a 
scale of equal parts (say 30 to the inch) for finding diameters and circum- 
ferences. 

Setting 939 gives at one end the Diameter of a Circle and at the 
other end the side of an Equal Square, based of course upon the usually 
accepted value of tt. This is a practical method of solving the polemic 
problem of the Quadrature of the Circle^ which we venture to believe will 
be found more useful than the one described by T. R. W. in our last 
issue. 

Setting 893 gives the relative values of the Diameter of a sphere and 
the side of a Cube of equal contents, which will often be found of practi- 
cal utility. 

Setting 467 gives the ratio between Feet and Metres, by means ot 
which dimensions may be taken from a drawing and converted from one 
measure to the other. Other settings give the ratio between Yards and 
Metres, also between Miles and Kilometres. 

Many other settings for similar ratios may be as easily obtained by 
means of the simple formula given, and when calculated put into tabular 
form, thus considerably facilitating the graphic solution of practical prob- 
lems in mechanics, etc. 

We have also calculated a special table which gives at one end of the 
Dividers the radius of a circle and at the other end the chord correspond- 
ing to any given angle ; thus with Setting 971 corresponding to an angle 
of 64^, if we open out the points of one end to take in a radius of a circle 
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measuring by any convenient scale 117 such parts, then we shall find by 
the opening of the other end that the chord of 64° to a radius of 117 will 
measure by the same scale 124 parts. We may naturally also take the 
chord 124 as being given, and find in a similar manner the radius. Prac- 
tical uses of this table will suggest themselves to the Engineer and others. 
From these few particulars, it will be seen that the Universal Pro- 
portional Dividers are not only capable of doing anything that can be 
done with the ordinary Proportional Dividers, but that they may be aj)- 
plied to a great many other uses, as any required ratio may be set off 
with them. The setting of the vernier from a table of Settings is also just 
as easy as the setting of the slider when the instrument is merely gradu- 
ated for each separate ratio. These instruments are of the very best or 
Paragon make and may be fully relied upon for their accuracy. 



LIGHT : ITS REFLECTION AND REFRACTION. 

If a ray of light, after being reflected from a plane mirror, falls in 
the same plane upon another plane mirror, the angle formed by the inci- 
dent ray of the first mirror and the reflected ray of the second mirror, is 
equal to twice the angle formed by the surfaces of the mirrors themselves. 




• In Fig. I let M and m be two mirrors, both perpendicular to the 
same given plane, and let -^ ;w be an incident ray of light proceeding from 
some object at E and falling upon the plane surface m from which it is re- 
flected, becoming an incident ray and falling upon the mirror M^ from 
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which it is finally reflected toward A. Now, according to the law just 
stated, the angles formed by the intersection of the first incident ray £m 
and the second reflected ray MA, is equal to twice the angle x formed by 
the plane surfaces of the mirrors M and m produced to C. That this is 
so, will be clear from the following demonstration. 

Draw M£ parallel to £ m, 

MP perpendicular to M (7, 
mp perpendicular to m C, 
and Mj>^ parallel to mp, then 

Angle A MB =^ = the difference of the first and last direction of the 

ray; 
Angle P M p\ formed by the perpendiculars to the two mirrors 
= Angle M Cm=^x, 

= Angle which the two mirrors make with each other. 
Angle m MB = Angle £ m M= y -{- 6 = £ fnp-\-pm M. 

Now as the angles of incidence and reflection are always equal, the 
angles y,d, E mp and/ m M are all equal to one another, and as a and 
ft are also equal to each other, it is evident that 

whence 

Angle ^ J/^ = («+ d) + (/? + ;/) = 2 (/? + ;/) 
that is 

Angle A J/^ = Angle M C m X 2. 

This law of double reflection has been applied to the construction of 
several instruments which are of great use to the Engineer, Surveyor and 
Navigator, a few of which we shall notice. 

The simplest one is that known as the Angle Mirror or Optical Square, 
of which three different kinds are shown herewith. 

They all consist of a small metal box, to two of the inner walls ot 
which are attached small mirrors, forming with each other a given known 
angle, generally 45 degrees. Immediately over the mirrors are two win- 
dows or open spaces, through which distant objects can be sighted. The 
instrument is held in the right hand by the handle in such manner that 
.the observer can look straight through the window in the direction A O, 
Fig. I, and also at the same time see other objects reflected in the mirror 
Mirom the mirror m. If the two mirrors are fixed at an angle of 45 de- 
grees, then, as seen by Fig. i, the angle formed by an object at O, seen 
from A through the window, and the rays of light proceeding from an ob- 
ject at E, seen in the mirror M by double reflection, immediately below 
the object O, but appearing to vertically coincide with it, is an angle of 
90 degrees. In this way a perpendicular may be very easily set out from 
y upon the straight line E m, by turning the instrument round until a rod 
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at E is seen in the mirror M. Looking now over the mirror through the 
window, directions may be given for placing another rod at C so that it 
shall appear to be in a vertical line with the rod at E seen in the mirror. 
When using the instrument a plumb-bob should be attached to the handle 
and suspended over the point y over which a perpendicular is to be 
erecte'l 






Fig. 2. 



l^'ig- 3- 



Fig. 4- 



Figure 2 represents a very handy instrument for angles of 90 de- 
grees, with plumb-bob screwing into the handle, which can be detached 
and placed in the frame of the instrument. The size of this Angle Mirror 
is 2jx2xif inches. 

Figure 3 is an Angle Mirror for angles of 90 degrees, and is very con- 
venient for the pocket, as the handle is formed by the cover which folds 
under. Although there are no "windows," the distant object O can be 
seen just as easily over the mirror M. 

Figure 4 is a larger instrument, one end being for angles of 90 de- 
grees, and the other end for angles of 45 or 60 degrees as preferred. 

It is usual to have the mirrors of these instruments adjustable by 
means of set screws, and it is advisable to test them before using them if 
accuracy is required. To do this, lay off a perpendicular to a given line, 
as described, then turn round towards the right about 90 degrees, but 
keeping thie plumb-bob continually suspended over the same point, until 
the rod O is seen in the mirror AT, then set another rod to coincide, 
when seei\ through the window My with the rod O. Repeat this opera- 
tion until the last window sight ot4g/it to fall upon E^ then, if the rod E 
coincides with the image in the mirror of the previous rod, the two mir- 
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rors are placed exactly at an angle of 45 degrees with each other. If 
they do not agree, the difference represents four times the error, plus 
or minus, of the setting of the two mirrors, which must be adjusted ac- 
cordingly. Care must also be taken that both mirrors are truly perpendic- 
ular to the same plane. 

Another class of Angle Mirrors is constructed so that the angle of 
inclination of the two mirrors may be considerably varied, this inclination 
being det-ermined by a graduated arc and an index hand, with or without 
a vernier attached to the mirror and revolving with it. This arc is some- 
times figured according to the angular distance of the objects sighted, and 
sometimes in accordance with the angle of inclination of the mirrors. 

With such an instrument offsets may be laid down at any angle up to 
about 150 degrees from a given base. Distances to inaccessible objects 
may also be approximately calculated, as follows : — Let B be the point of 

' observation, equivalent to y in Fig. i, 
and let it be required to find the dis- 
tance A B, Set the instrument to 90°, 
(that is, angle of inchnation of the mir- 
rors, :r = 45°) and erect a perpendic- 
ular C B on A B. Now transfer the 
instrument to C and hold it so that a 
■ B rod at B can be seen reflected in the 
^'S- 5- mirror,, then turn the index of the 

graduated arc until the point A is seen above through the window in coin- 
cidence with B, Read off the angle B C A on the arc, and measure 
carefully B C Then 

A B = B C X Tan B C A, 
Thus, let ^ C= 50 feet, and angle B C^ = 55^ then 
A B = ^o X 1.428 = 71.4 feet. 

Another and simple method of making the computation is with the 
Slide Rule, as explained in Vol. I of The Compass, page 75, thus 

Scale A, \\ToB C= 50 feet | Find Side ^ ^ = 7 1.4 fee t 
Scale Sines || Set ^^ = 35^ | Over Angle 55° 

One advantage of this method is that the length of the side A C is 
also immediately found on scale A over 90 degrees. 

We have seen a very handy Folding Angle Mirror, occupying but a 
space of 3xixf inches, and measuring angles up to 130 degrees, which 
would often be found a very useful and handy companion, not only for 
the Surveyor and Civil Engineer but also for the Tourist, Traveller or 
Amateur. 
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When the Engineer's Y Level is required for very accurate work, 
it is often provided with three leveling screws, as shown in Fig. i, and the 
telescope employed is also frequently an astronomical one, that is, with 
inverting eye-piece, which is composed of two lenses only, as this eye- 
piece has the great advantage of rendering the image more brilliant than 
the erecting one and consequently producing better definition besides be- 
ing adapted to longer ranges, whilst also increasing the field of view. 
The inconvenience, experienced at the outset, of all objects being seen 
inverted, is overcome with a very little practice, after which the astronom- 
ical eye-piece will be found to be, as in Europe, generally preferred. 




Figure 2 shows a smaller instrument, called an Architects' or Build- 
ers' Y Level, the telescope being 1 1 inches long, of fair magnifying power 
and good, clear definition. This Level is provided with a compass divided 
to degrees, and a horizontal circle, 3 inches diameter, attached to the outer 
centre, divided to degrees, figured in quadrants from 0° to 90° each way, 
and reading to 5 minutes with a vernier fixed to the level-bar, so that 
horizontal angles may be measured and bearings taken. In some cases 
the compass is dispensed with. The telescope is clamped in the wyes in 
the same manner as in the Engineer's Level, and when directed upon an 
object it can also be clamped to the vertical axis or spindle by the milled 
head shown in the figure between two of the leveling screws. 

The level may be used either with a light tripod or with a trivet, 
shown in Figs. 3 and 4, which consists of a triangular metal plate, with 
three pointed feet for holding it securely upon a piece of stone or wood, 
as on the top of a wall or a rafter. 

The Builder's Level is capable of being adjusted exactly in the same 
manner as the larger or Engineer's Level, that is, for the Une of collimation. 
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the level bubble and the wyes, and when correctly adjusted may be relied 
upon for good work. 




Fig. 3. (Arranged tor Leveling.) Fig. 4. (Arranged for Vertical Sighting.) 



Another form ot Builder's Level is shown in Figs. 3 and 4, which 
embodies a new and patented arrangement, by means of which the level 
may be made to combine certain of the qualities of a transit with its own 
special ones. 

A substantial collar is attached to the body of the telescope at or 
near its centre of gravity, into which two trunnions can be firmly screwed 
exactly at right angles to the optical axis of the telescope ; the outer end 
of each of the trunnions is provided with a cylindrical bearing, of the same 
diameter as the body of the telescope, the whole thus forming a solid axis 
as in the transit, upon which the telescope may be made to turn in alti- 
tude, if taken out of the wyes, turned half-round and replaced with the 
trunnion bearings resting in the wyes, as shown in Fig. 4, where they are 
locked in the usual manner. 

With the telescope thus placed, and able to rotate on its axis, vertical 
lines may be determined, and horizontal angles, between two points not 
in the same plane, may be measured by means of the graduated circle, as 
is done with the Transit. If the telescope be turned half-round and over, 
then replaced in the wyes, with the level above instead of beneath the 
telescope, it can be rotated through an angle of elevation of 40° and de- 
pressed to the same extent. To facilitate this operation, the milled head 
for focusing the objective, is placed on the side of the telescope instead of 
on the top, as shown in the figures. 
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Builders and Architects will find the Convertible Level, as de- 
scribed, a very useful and convenient instrument, simple to handle and 
thoroughly efficient for the purposes for which it is particularly intended. 
When the instrument is used as an ordinary Level, the trunnions are 
placed in special receptacles in the box, so that the operator need be in 
no way encumbered with them. 

{To be continued.) 



THE PANTOGRAPH. 

We described in a former number a Pantograph of improved con- 
struction, and gave a few particulars as to the method of using it with the 
manner of obtaining Settings for enlarging and reducing. We propose in 
the present article to explain the principles upon which the construction 
and use of this instrument depend. 



Let us suppose that in Fig. i^^B 7^ and B /'represent the long arms 
of a Pantograph for the ^/rr/ method for enlarging, and A T^andC ythe 
short arms, the Tracer being at T^ the Pencil 2X P and the Fulcrum at 
F'y and in like manner let B^ /^and B^ P^ represent the long arms and 
A^ T^ and C^ T^ the short arms of the same instrument, but in another 
position, the tracer being moved from 7^ to T^ and the pencil from P\.o 
P^^ these distances indicating the proportion between the original draw- 
ing and the enlarged copy, which proportion we designate by the ratio jc 
Xoy, 
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The Pantograph should be constructed so that A Bj B C^ A T and 
C Tare all of equal length, forming an equal sided parallelogram; then, 
however large or small the angle fi may be, the opposite sides A B and 
C T^ and B Cand A Tare always parallel, and the angle a is conse- 
quently always equal to the angle fi. 

Let A F\iQ made equal to -^ ^ and CP equal to B C, then by the 
theorem (Euclid VI, prop 6), that 

Jfin two triangles two sides of the one are proportional to two sides of 
the other, and the included angles are equal, the two triangles them- 
selves are similar, 
the triangle F A T\^ similar to the triangle F B P and the triangle 
F A^ T^ is similar to the triangle F B^ -P, and the three sides of the one 
are proportional to the three sides of the other, each to each, and the 
angles of the one are equal to the angles of the other, each to each that 
is 

FA:FB::A T: B P: : FT: FF 
and 

FA' : FB' : : A' T^ : B' P' : : F T' : F P' 

Now as the sides F A, F B, A T and B P zxt. equal to the sides 
F A\ F B\ A"" r* and B' P^ respectively, then 

J r- S5} •' * ^ ^- ^^•' • ^ ^* •• ^^' 

and, by subtraction 

^ r* J?}* •' ^ ^ — ^ T' FP-FP 

whence FA : FB : : T T' : P P' 

that is FA : FB : : x : y Eq. i. 

and A T: B P: : TT' : PP^ 

that is A T: B P : : x:y Eq. 2. 

It is usual in the case of Pantographs for the Erect method to have 
C P =^ B Cand F A = A B, as shown in Fig. i, where F represents 
the Fulcrum which is movable, T the Tracer which is also movable and 
P the Pencil which is fixed. 

It is clear therefore, that as the length of the long arm B P always 
remains the same, the positions of the fulcrum and tracer must be adjust- 
able, and that they will depend upon the values assigned to x and y, that is 
the proportion intended to exist between the original drawing and the 
copy, and that the available length of A 7^ and A Twill depend upon the 
same proportion. 

We can obtain at once from Eq. 2 the length of A T, the length of 
B P being known, thus 
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A T: B P : : X :y 

, . _ B Py. X _, 

whence A T ^= Eq. 3. 

y 

To ascertain the length of A F^ the length of A B being known, we 
have by Eq. i, 

FA:FB::x:y 
Subtracting 

so that 



FA : F B—F A : : x : y^x 
F A : A B : : X : y — x 



, -, . A B X X _ 

whence F A ^= Eq. 4. 

y — X 

Let us now assume that B T^^and B P are each 20 inches long, while 
A B^ B C, A Z'and C.T are each 10 inches long, these being the gen- 
eral proportions when the several arms are fully extended. From Eq. 2 
we have 

^ B P X X 
^~ AT 
and assuming ^ to be i, we have 

20 X I 



y = . 



10 



therefore the proportion oi x toy is the same as i to 2, in which case the 
reproduction at /* of a drawing placed under the tracer T, would be twice 
as large as the original. 

Assuming this proportion to be the correct one, we have for F A ac- 
cording to Eq. 4. 

„. A B X X 10 XI ., 

F A = = = lo mches, 

y^x . 2 — I 

which is the length already assumed. 

This form of Pantograph will not therefore answer for reproductions 
/ess than twice as large as the original^ such as 2 to 3 or 3 to 4, seeing 
that the arms FA and A J would each have to be longer than 10 inches. 

Figure 2 represents the same instrument set to a different proportion, 
but on examination it will be found that the same formulae hold good. 
Thus, the ration of ^ to j is taken as i to 3, whence 



and 



F A = = 5 inches 



A T= ?l2<_i = e^ inches. 
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S -^P 



Fig. 2. 



It is well to notice that in all positions in both Figs, i and 2, the 
three points F^ T'and F^ as well as F, T"" and F^ are necessarily in a 
straight line, also that in both figures 

FT:FF\ 

F T: FF]' ' ^'-^ 

so that if these or any other proportions be laid off on the drawing board 
in a straight line, the instrument can be set by holding the pencil at one 
extremity of this line and bringing the tracer and the fulcrum to their re- 
spective positions yand F, 

If the arms A ^and A T'were divided into 100 or any other con- 
venient number of equal parts, {A B being supposed to be graduated like 
A F, and B F into twice the same number of parts) and these were num- 
bered downwards from A towards F and T, then the formulae would at 
once give the positions to which the fulcrum and tracer should be set, 
these being generally attached to sockets which slide upon their repective 
bars, or as is sometimes the case, the l)ar A F slides within the bar A B. 
In all the different methods of adjustment, the principle is the same, the 
distance from A to T^^and from A to 7' being regulated by the proportion 
X toy. For greater accuracy a vernier might be attached to the sockets, 
so that the length of the bars A F and A 7' would be practically divided 
into 1000 parts each. 

When the Pantograph is used for reducing drawings, the same for- 
mula will serve, the only difference being that the Tracer and Pencil are 
reversed. 
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In our next we shall examine the conditions which govern the Panto- 
graph used for the Reverse method, which is generally adopted for the 
better class of work. For elementary work the Erect method is simpler 
and more convenient, and is consequently more used in the cheaper class 
of instruments, although it is considered by many as superior to the other, 
being less shaky owing to its being more self-contained and more concen- 
trated in its movements. 




Figures 3 and 4 represent Pantographs made on the principles de- 
scribed, the copy being drawn erect with either. Fig. 3 is a substantial 
instrument, and as the arms are all jointed at each end, the motions are 
comparatively steady, and reductions, if made with care, will be well pro- 
portioned. As the pencil however is placed almost in the centre of the 
instrument, it somewhat obstructs the view, and renders observation of 
the progress being made more difficult. This is a good instrument for re- 
<iucing, but is unsuited for enlarging. 




Figure 4 serves to reduce or enlarge, but it should be noted that in 
the latter case any unsteadiness of the hand in tracing the outlines of the 
original, or any vibration of the several parts of the instrument, are re- 
produced in the copy in the same proportion as the setting of the Panto- 
graph, while in reducing any divergence from the lines of the original is 
diminished in the reproduction in the same proportion. 
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A WONDERFUL TELESCOPE. 

If nothing happens to mar the success of the inventor, there will 
be on exhibition at the World's Fair something in the way of a telescope 
which will outdo all previous attempts at perfection in this interesting and 
important instrument. The inventor is a South American gentleman, and 
he is at present in Washington, in consultation with scientific men and offi^ 
cials, as to the best mode of procedure. The telescope will be large and 
ver}' powerful. In the mechanism of this wonderful piece of work a new 
medium is employed in the first place for the mirrors themselves, and then 
for focal adjustment; instead of the present method of moving the eye- 
piece the mirror itself is moved. 

The inventor has already constructed an instrument 25 inches in dia- 
meter, which in an exhibit in New York City recently showed marvellous 
power. An instrument of four yards diameter will only weigh 200 pounds, 
and unless the inventor has made a very great miscalculation will have 
such power as to bring the moon within one mile of the earth, and allow 
observers to finally determine the structure and question of the practica- 
bility of life existing on that luminary. — The Manufacturer^ Gazette. 



SOLAR PARALLAX. 

The values of Solar Parallax have been deducted from heliometri^ 
observations made by the German expeditions which observed the transit 
of Venus in 1874 and 1882, by Mr. Auwers of Berlin. 

The 307 observations made in 1874 give a value of 8".873-|-o''o62; 
and the 444 observations made in 1882 give very similar results, 
8".883±o"o37. 

The probable value, obtained from these two series of observations 
is 8".88o with a mean error of -fo".o32 and a probable error of -f o".o22. 

(Revue Scientifique,) 
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LIGHT : ITS REFLECTION AND REFRACTION, 




Fig. I. 

Another convenient instrument for setting out perpendiculars and 
measuring angles is shown in Fig. i. This device, called the Amagat 
Graphometer, illustrates another appHcation of the law of double reflec- 
tion, and is similar both in principle and general arrangement to the Sex- 
tant. It consists of a small brass case, 2jx2fxif inches, near the centre 
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of which is pivoted a small mirror A, called the Index Glass, to whose 
axis is attached an arm C, 2 inches long, called the index bar, with a ver- 
nier at its extremity. On the upper edge of the case is an arc Z> of 70 
degrees, divided to 30 minutes, and reading with the vernier to single 
minutes. Another mirror B, called the Horizon Glass, is pivoted in the 
side of the case, and is susceptible of circular motion upon its axis by 
means of a lever £ so that the reflected image of one object may be 
l)rought into coincidence with the direct image of another object, and 
their horizontal angular distance measured although the two objects them- 
selves are nof in the same plane, A window in the side of the case is 
provided for sighting the direct object either above or below the mirror 
B, when, if the vernier be set to zero of the arc, and the index arm be 
correctly adjusted, the reflected image of the same object will be seen in 
the horizon glass B in coincidence with the direct object above or 
below. 

Suitable provision is made for adjusting the index arm by means of 
two screws, and the above test should always be made before using 
the instrument, and if it is found to be out of adjustment, the index error 
should be rectified, or a -j- or — index correction, called the / C, used. 
In making this test it is well to view some distant object, a star being 
probably more suitable than anything else. A small adjustable stop at 
the end of the graduated arc allows the index arm to be quickly set to 
zero. 

When using the instrument, it is generally taken in the left hand and 
turned over with the arc and vernier arm beneath, its position in the figure 
being reversed in order to show its working parts. The vernier is then 
set to zero, and the left hand object sighted directly through the window 
and above or below the mirror B. When this is done turn the index arm 
gently round until the reflected image of the second object, if in the same 
horizontal plane, is brought into coincidence with the direct object. The 
vernier will then indicate the angle of inclination of the two mirrors, 
double which will be the angular distance of the two objects. If the two 
objects are not in the same horizontal plane, they must be brought to co- 
incide by turning the two mirrors simultaneously or alternately until they 
so appear. A little practice will render this very easy. When the two 
images coincide, then half their angular distance, reduced to the same 
horizontal plane, may be read off" on the graduated arc by means of the 
vernier. 

The following are a few of the many uses to which this instrument 
may be put : — 

1. To set out perpendiculars. 

2. To measure the horizontal angular distance of two objects not in 
the same horizontal plane. 
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3. To measure a line when one or both ends are inaccessible. 

4. To measure heights. 

5. To observe altitudes with an artificial horizon. 

We shall in our next explain the principles upon which the use of this 
simple instrument depends, and also give a few practical examples of what 
may be done with it. 

As we have several times referred to the reflected image of objects 
seen in the mirror, we conceive that we cannot do better than close this 
description of the Graphometer, which is the representative of several 
other instruments, differing in form and general arrangements, but having 
the same objects in view, by citing a few remarks from the pen of Prof. 
P. G. Tait He says in his article on Light in the Encyclopedia Britan- 
nic a^ — 

** We may assume here — what is indeed evident from the recti- 
linear propagation of light— that objects are rendered visible to the 
eye by rays diverging from them. Hence, if we have a set of re- 
flected or refracted rays diverging from any point, or diverging as 
if they came from any point, they will convey to the eye the im- 
pression of the existence of a luminous source at that point. The 
eye, in fact, can only tell us, what effect is produced upon it, /. e, 
what sort of mechanical action it is subjected to. Its indications 
must therefore depend only upon what reaches it, and in no other 
sense whatever upon the source or the path of light. This point 
from which rays diverge or appear to diverge, is called an image. 

The image of any point in a plane mirror is found by drawing 
from the point a perpendicular on the mirror and producing it until 
its length is doubled. 

The extremity of the line so drawn is the image of the point ; 
or, in other words, rays proceeding from the point diverge after re- 
flection as if they came from the image so found. The image in 
this case is called virtual^ to distinguish it from cases where it is real^ 
— the distinction being that the rays have actually passed through 
a real image, while they only appear to come from a virtual one.*' 



THE VALUE OF ''Pir 

A WRITER IN A New Yofk paper related recently the wonderful re- 
discovery of a fact, known more than 2000 years ago, but meanwhile 
either lost, forgotten or perhaps even set aside as N. G. By means of this 
ancient secret, now so strangely brought to light again, it would appear that 
the area of a circle is equal to 
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diameter ' x 0.8 
whence the resussitated value of n becomes 3.2 instead of 3. 141 59. . . . 

It is our intention in the present article to examine a practical method 
employed more than 2000 years ago by Archimedes for solving the same 
problem, and which is as accurate and practicable to-day as it was then. 

It is self-evident that in Fig. i 
the area of the circle aC b e D 
will be somewhere between the 
area of the inscribed square a h d 
and the area of the circumscribed 
square A B D^ that is, it will be 
greater than a b^ and less than 
A B '^. It will also be self-evi- 
dent that the area of the same 
circle a C b e D will lie some- 
where between the area of the 
inscribed octagon aC b e D and 
the area of the circumscribed 
octagon G EFfg, and not only 
so, but the area of these octagons 
clearly approaches more nearly 
the area of the circle than does the area of the squares. We can now 
well see that if we were to continue doubling the number of sides of the 
inscribed and circumscribed polygons, the area of each succeeding pair of 
polygons would more and more nearly approach the area of the circle, so 
that if this process were continued sufficiently far, the areas of the three 
figures would for all practical purposes be alike. It is therefore now only 
necessary to show how the areas of these inscribed and circumscribed bi- 
sected polygons may be obtained from the original inscribed and circum- 
scribed squares. 

Let in Fig. i 

/ represent the area of the inscribed square a b d 
P '• " " circumscribed square AB D 

/* " '* ** inscribed octagon aC b e D 

P " '* " circumscribed octagon GEFfg^ 




then 



^ ^ is a side of the inscribed square, 
A By parallel to a b/\s 2l side of the circumscribed square, 
O is the centre of the corresponding circle, 

d5 C is a side of the insci'ibed octagon, and 
G E and E F are sides of the circumscribed octagon. 
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It is clear that the area oi c aO bears the same proportion to the 
square p that the area oi C AO does to the square F, and further that 
the area oi C aO bears the same proportion to the octagon p^ that the 
area of C E aO = GEO does to the octagon -P, seeing that they are 
each and severally the eighth part of their respective squares and octa- 
gons. 

We have now before us two distinct problems, the first one of which 
is to find the relation of the area of the inscribed octagon /* to the areas 
of the inscribed and circumscribed squares / and F\ whilst the second 
problem must furnish the relation of the area of the circumscribed octagon 
in terms of the areas of any or all of the three now known polygons/, /* 
andT'. 

1st Case. Triangles having equal altitudes are to each other in the 
proportion of their bases, therefore 

[\c aO :[\CaO :: cO : CO, 

and consequently from the preceding hypothesis it is evident that 

[\c aO : [\C aO : : p :p' 
whence,it follows that 

p:p^ ::cO: CO Eq. i. 

Further [\OCa: [\0C A : : aO :A0 

and /\OCa: /\0C A : .-p!" : F 

whence p^ : F : : aO : AO, Eq, 2. 

As, however, a c and ACsire parallel, we have 

cO: CO : : aO : AO 
and as ratios that are equal to th€ same ratio are equal to each other 

/>» : F : :cO : CO 

and consequently 

p:f::p^:F 



whence /' = V> X F Eq. 3. 

2nd Case, By the preceding theorem 

l\ CO E: [\ EO A: : C E : A E 

Now, as the line which bisects the vertical angle of a triangle divides 
the base into two segments which are proportional to the adjacent sides, 
and as O E bisects the angle CO A, then 

C E : A E : : CO : AO also 
C E : A E : : cO : aO 
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But aO= CO, and from Eq. i. 

/./* : :cO: CO 
therefore 

/\ CO E:[;^EO A: : p :p^ Eq. 4 

and by composition 

COE: COEJ^EO A : :p :p +/» 
that is 

CO E: CO A: :p:p +/*. 

As equimultiples of two quantities have the same ratio as the quanti- 
ties themselves, so 

2 CO E: CO A :: 2/./+/* 

But 2 CO E= COaE 

and by the hypothesis laid down at the outset 

CO a El CO All F^ I P 

therefore P i Pii 2 p i p -\- p"^ 

2 i> P 
whence . P ~ j>4- i,^ ^^- 5' 

To reduce this now to practice, let us assume, Fig. i, the radius of 
the circle a^ = i, then the side of the incribed square a b ^ \/2, and 
the area will be 2 =/. Likewise the side of the circumscribed square 
A B =^ 2 Radius; and the area 4 = jP. 

Now, according to Eq. 3 the area of the inscribed octagon or 



P' = V PX P 

= \/2 X 4 = 2.82843 . . . 
and according to Eq. 5 the area of the circumscribed octagon or 

/+/ 
2x2x4 



2 X 2.82843 



3-31371 



We now proceed in the same manner to obtain the areas of the inscribed 
and circumscribed polygons of 16 sides, thus 



/» = \/2.82843 X 3-3171 
= 3.06147 . . . 
and/>= %V^?43X 3.31371 

2.82843 + 3.06147 
= 3.18260 . . . 
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It is clear, therefore, that the area of the circle whose radius is i, will 
be less than 3.18260 and greater than 3.06147 . . . and if this process be 
continued the sides in each case being bisected, we obtain the following 
results : — 

Area of 
Number Inscribed Circumscribed 
of Sides. Polygon. Polygon. 

4 2.00000 4.00000 

8 2.82843 3-31371 

16 3.06147 3.18260 

32 312145 3-15172 

64 3-13655 3-14412 

128 3-14033 3-14222 

256 3-14128 3-14175 

512 3 14151 3-14163 

1024 3 14157 3-14160 

2048 3-14159 3-14159 

It must, therefore be self evident that the area of the circle whose 
radius is unity must be 3. 141 59 correct to five places of decimals. 

Archimedes, who was born at Syracuse, in Sicily, about 287 B.C., 
and who was slain 212 B.C. , was the greatest mathematician of his day, 
and he wrote several able treatises, a few of which have been preserved. 
One of them on the Measure of the Circle is a short book of three propo- 
sitions, in which he proves 

I St, that the area of a circle is the same as that of a triangle whose 
base is equal to its circumference, and its height equal to its radius ; 
2nd, that the circumference of a circle exceeds 3 times its diameter 
by a fraction which is less than ^J-g- and greater than ^, that is, the 
value of 7t lies between 3,140845 . . , and 3.142857 . . . ; and 
3rd, that a circle is to its circumscribed square nearly as 11 to 14. 
He reached the above conclusions by computing the areas of an in- 
scribed and a circumscribed polygon, each one having 96 sides. 

Vieta, Van Ceulen, Sharp, De Lagny, Dr. Clausen and many others 
have since carried the value of n much further, the latest effort being that 
of Richter in 1854, who computed it to 500 places of decimals. 

In conclusion, we may state that the best simple approximation to 
the value of ;r, and one which is correct for all practical purposes, is the 
ratio of 113 to 35^, which is equivalent to 

I : 3,1415929 . . . 
while ;r = I : 3.1415926 . . . 

the difference being equal to one inch in 150 miles. 
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UNIVERSAL PROPORTIONAL DIVIDERS, 




We regret that owing to a disappointment on the part of our en- 
graver, we were unable to give our readers last month a sketch of the 
above instrument. We do so now and hope it will enable them the better 
to understand the principles upon which it is made and the methods of 
using it. 
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THE PANTOGRAPH. 




Fig. I. 

We explained in our last the principles of that form of Pantograph 
used for the Erect method ; we now come to the Reverse method, which 
is that generally adapted for the better class of instruments. 




Figure 2 represents an instrument of this kind, set for reproducing 
drawings on the same scale as the original, B T'and B P being the long 
arms, A F and C F the short arms, and F the fixed fulcrum. The in- 
strument, as shown by the solid lines, is as it is set before commencing 
work. Another position is shown by the dotted lines, the tracer having 
been carried from T'to T^ and the pencil following a contrary but equally 
long course from jPto P^, 

By similar reasoning to that employed for the erect method, and 
according to the same theorem, we have 

TA : TB : : T F -, TP 
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whence T A : T B—T A : : T E : T P—7 F 

or TA X A B i: TF : FF. 

Likewise T^ A' : A' B^ : : T^ F : F F^ ; 

But T' A^ = TA and A' B' = A B 

therefore, and by subtracting 

J A : A B :: T' F — TF : F F' — F F ' 
that is TA : A B :: x : y 

whence TA = '^ ^ ^ ^ Eq 5. 

We have thus for any ratio the length of the tracer arm from the 
joint A to the tracer point T, in terms of the invariable length A B, 
Again we have 

TA : TB : : TF: TF 

and 7^ A' : T' B' :: T' F : T' F\ 

But T' A^= TA and T' B' = TB, 

therefore TA : TB : : | ^j"^* . '^fjpi 

whence, and by subtraction 

TA : TB : : T' F— TF : T' F' — TF 
that is TA : TB :: x: x -{- y; 

but TA : TB :: A F : B F 

therefore A F : B F : : x : x -^-y 

/? /5 V Jk? 

whence A F= . Eq. 6. 

x+y 

By this equation we obtain the distance of the fulcrum F from the 
joint A in terms of the invariable length B F, 

In these Pantographs the positions of the Tracer T'and the Fulcrum 
F as shown are movable on their respective bars, while the Pencil F is 
fixed. As, however, the fulcrum cannot be made to coincide with the 
joint of the arms A /^and C F, it is placed a little higher up the arm, 
A F toward A, necessitating likewise the shortening of the arm B F. 
Thus, suppose we have A T= A B = B C=io inches, and A F 
= 9h ^^^^ ^^ have, by transposing Eq. 6 



j^^ AFy. (x+y) _9i2iJ=i 



8J inches. 
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This length of the arm B F io the pencil F becomes therefore a 
fixed length, and when it is required to enlarge drawings, the positions of 
the tracer and fulcrum are brought nearer to the joint A^ in accordance 



with the formulae, thus in Fig. 3, the Pantograph is set to enlarge draw- 
ings in the ratio of i to 2, then we have by Eq. 5, 
T A = 10 X 1=5 inches 
2 
and by Eq. 6, 

A F= — —, = 6t-V inches. 

1 + 2 ^2 

It will be also noticed in the case of instruments for the Reverse 
method, that in all positions, and with correct settings, the three points 
T, F and F 2c& well as T'*, -Fand F^ are always in a straight line, and 
also that 

T F '. F F 



:.} 



T' F : F F^S ' ' X X y 

The arms A T'and A F are generally marked to give settings for a few 
fixed ratios, but in the best instruments of this kind, they are fully grad- 
uated, being divided into a given number of equal parts, (100 or any other 
suitable number) so that the instrument may be at once set for any ratios 
X to J/. Such an instrument is the one shown in Fig. i, for reducing and 
enlarging, which is well made, carefully finished, well balanced in all its parts, 
and embodies all the latest improvements. The fulcrum is fixed to a 
socket which slides on the arm A F^ while the pencil is placed in the fixed 
socket F of the arm C F, when used for enlarging^ and in the socket T 
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which slides on the arm A T, when used iox reducing^ the tracer in the lat- 
ter case replacing the pencil in the socket P, An improved pencil lifter 
is also attached to the two sockets T^and P^ so that any parts of the orig- 
inal may be passed over without the copy being marked. The arms are 
made of hollow square brass tubes, which however do not telescope as do 
those of the cheaper instruments, in which the socket T is fixed to the 
bar A T^ and this when required to be shortened, shdes within the bar 
AB, 
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We bring these remarks to a close by observing that the ratio ob- 
tained by means of the Settings marked on the arms of the ordinary Pan- 
tograph, are those of the lines of the original to the lines of the copy. In 
some cases, however, it may be desired to reproduce a drawing so that the 
AREA of the copy may bear a given proportion to the area of the original. 
This may be very easily done with a fully graduated instrument as shown 
in Fig. I. Thus, if we wish to reproduce the plan of a certain plot so that 
the area of the original shall be to the area of the copy in the proportion 
of 4 to 9, we have 



and 



A F = 



V9 
V4 + V9 



= 6^ inches 



= 7.3 inches. 



and similarly for any other proportions of areas. 

It will be at once seen that this method is similar to that used for the 
scale of Planes of the Proportional Dividers, described in No. 7 of 
Volume I of The Compass. 



ANEROID BAROMETERS 
For Measuring Heights and Atmospheric Pressure. 

•*Copyriglit, 18S7, by Keuflfel & Esser." 




Plain directions for measuring heights with the Aneroid Barometer, 

The pressure of the atmosphere upon the earth's surface diminishes 
as we ascend, but this diminution is not strictly proportional to the differ- 
ence of elevation. It follows however laws which are known, from which 
tables of heights have been compiled. 
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Diflferences of temperature affect the density of the air and conse- 
quently also exert a certain influence upon the barometer, which requires 
to be taken into account when differences of altitude are being determined 
by the aid of this valuable instrument. 

The table most generally 'accepted is that prepared by Prof. Airy, 
late Astronomer Royal of Great Britain, in which 31 inches of pressure 
represents the zero of altitude, assuming that the average temperature is 
50° Fahrenheit. 

There is on most Aneroid Barometers a movable ring outside the 
dial, which can be generally turned round by the cover. On this ring is 
a graduated scale of feet, beginning with o and ranging up to 3000 to 
18000 feet, according to the instrument. This scale is generally supposed 
to be graduated in accordance with Airy's table. 

To ascertain the difference of elevation between two points of ob- 
servation, proceed as follows : 

Set zero of the movable scale of feet to 3 1 inches of the barometrical 
scale, and note the reading of the scale of feet at the lower station as indi- 
cated by the position of the needle on the movable ring. When the ascent 
is terminated, note again the reading of the scale of feet as shown by the 
altered position of the needle ; the difference of the two will give the 
difference of elevation of the two stations, without any allowance or cor- 
rection for the difference of temperature between the lower and the upper 
stations. The correction for temperature is obtained by means of the 
formula 

^ ^ 900 + T + t 
1000 ' 

where T and t are the respective temperatures in degrees Fahrenheit at 
the lower and upper stations. The difference of height already ascer- 
tained must then be multiplied by D. 
The complete formula becomes 

Difference of elevation = (H — h) x f ^^^ ' '-^\, 

^ ^ \ 1000 / 

where H and h represents the readings on the scale of feet at the two 
stations. 

Example: — Needle at lower station =29.8 inches. 
" " upper " = 27.4 " 
Thermometer at lower station = 73^ F. 
" " upper " = 68° F. 

Equivalent of 27.4 inches = 3365 feet. 
" " 29.8 " = 1075 " 

H — h =2290 feet. 
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then according to formula we have 

000 +73 + 68 1041 o o r . 

2290 X - — ' ^ ^ — = 2290 X — -^ = 2383.89 feet 
I 000 I 000 

as the difference of elevation between the two stations ; the difference 
without correction for temperature being 2290 feet. 

Note, The instrument should not be influenced by the heat of the 
hand nor by the rays of the sun. 

The Barometer should always be held in the same position, prefer- 
ably with the face horizontal. 

The instrument should always be tapped gently with the finger when 
an observation is taken. 

Aneroid Barometers are generally marked compensated. This merely 
indicates that the instrument itself is free from errors arising from changes 
of temperature, and in no ways refers to the difFference of temperature at 
the two stations, which must always be taken into account and calculated 
according to the formula. 

The foregoing Plain Directions have been written for general use 
with that large class of pocket Aneroid Barometers, whose scale of feet is 
supposed to be graduated in accordance with Airy*s tables, and are in- 
tended more especially for the traveller or tourist, where extreme accuracy 
is not a sine qua non. 

The difference of height between two stations, obtained as described, 
can, however, after all only be looked upon as an approximate one, as the 
barometer is subject to other variations besides those named, which how- 
ever are not generally taken into account in ordinary cases by the topo- 
grapher. These variations result from differences of latitude, atmospheric 
disturbances and the humidity of the air, as well as from causes inherent 
in the instrument itself. 

The formula given assumes that the air is in a perfect and continu- 
ous state of statical equilibrium from the beginning to the end of the ob- 
servations, and that consequently the difference of pressure is only due to 
the difference of elevation between the two stations, and that the modify- 
ing effect of the difference of temperature is uniform and also proportion- 
ate to the difference of elevation. As however the air is rarely, if ever, 
in such a condition, it is necessary that the different causes of variation 
be eliminated as far as possible by means of repeated observations, when, 
under favorable circumstances, the mean of the several barometrical and 
thermometrical readings may be relied upon to give fairly accurate results. 

Instrumental errors must be ascertained by frequent comparison with 
a standard mercurial barometer ; and here it is perhaps well to remark, a 
cheap instrument should never be used for measuring altitudes, as the 
graduations are rarely correct, the scale of feet, which is not one of equal 
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parts, being frequently so made. In such cases, and in fact at all times, 
it is well to use the barometrical scale, even if the scale of feet is also 
used. Recourse must then be had to Airy's table already named, or to 
some of the numerous formulae devised for the purpose. The following 
one is very frequently used, 

Difference of Height in Feet = 60000 (Log i9— Log b) X C "^^ ""^" ' ^ \ 

Other formulae are those of Francis Galton of the Royal Geographical 
Society, the one of Col. Williamson, U. S. A , and an easy approximate 
rule by J. H. Belville of the Royal Observatory, Greenwich, based upon 
an average temperature of 55*^. The three necessitate the use of tables, 
whereas the following modification of Belville's by Mr. T. H. Gribble, is 
complete in itself: — 

Difference of Height in Feet = A' X -^ ' 

o 

where D = difference of barometrical readings in inches, 

S = sum " " '' " '* 

A!'= coefficient of temperature 

= 4S753 + (^'^ X Mean temperature). 

The resuhs obtained by this formula are a mean result between those 
of the English and American formulae, and the calculation is so simple 
that it can be almost entirely worked out with the slide-rule. 

We have said that when accuracy is desired, recourse should be had 
to repeated observations. Not only so, but it is advisable to use two in- 
struments, and to have the observations taken simultaneously at each sta- 
tion by separate observers. When this is impossible, then the observation 
should be repeated at the first station after the one at the upper station 
has been taken, and the mean of the two used in the formula, on the 
assumption that it gives the correct barometric and thermometric condi- 
tions at the lower station at the time when the observation was being 
taken at the upper one. 

We close with a comparative example taken from Mr. Gribble's book 
on "Preliminary Survey.'* 

Barometer 28'' and 22" 
Thermometer 60^ *' 40° 
Difference of height 

By Airy's tables 6571.5 feet. 

" Gol. Williamson's rule 6527 5 •' 

" Francis Galton 's rule 6552.7 " 

" Gribble*^ rule 6546.4 " 
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\ENGINEERING AND SURVEYING INSTRUMENTS. 

Hand Levels. 




Fig. I. 

Besides the expensive instruments already described, with revolv- 
ing centres, leveling attachments and telescopes of considerable magnify- 
ing power, another class of Levels is much used for certain kinds of work 
where a much lesser degree of accuracy suffices. 

Figure i is a half-size representation of Locke's Hand Level, 
which is probably the simplest instrument of this class. It consists of a 
brass or German silver tube about 5 inches long, the right of which, as 
shown above, is the eye piece, formed by a simple disc with a glazed sight 
hole in it about one-fortieth inch diameter. To the upper side of the 
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Other end of the tube is attached a small spirit level incased in a brass 
frame tube, the under portion of which is cut away, as is also the corre- 
sponding portion of the main tube, to the same extent as the upper visible 
portion of the bubble tube. 

Beneath the bubble tube, and immediately under and across the 
centre of its curvature is a fine cross-wire, attached to a small plate which 
slides in the bubble frame and can be adjusted by means of the small 
screw shown to the left of the bubble frame, so that its position may be 
accurately set immediately under the centre of curvature of the bubble 
tube. Under this centre of curvature and occupying half the vertical 
width of the main tube, there is fixed a small prism, so placed in relation 
to the line of sight, that on looking through the sight hole, the reflection 
of the cross-wire above can be seen across the mirror, and when the in- 
strument is held horizontally, the reflected image of the bubble is seen in 
coincidence with the wire. In some Hand Levels a mirror is substituted 
for the prism. The result is identical if the instrument is tested and ad- 
justed before using. 

The sight disc is attached to one end of a draw-tube about 2 inches 
long, to the other end of which is fixed the half of a plano-convex lens, 
which can be adjusted so as to render the reflected image of the cross- 
wire clear and distinct. 

From this description it will be clear that if the Hand Level is held 
up before the eye, the objects which are seen through it directly and in 
coincidence with the reflected image of the cross-wire, when this is seen 
to cut the centre of the level bubble, are on the same level as the observ- 
er's eye. 

The uses of such an instrument are numerous, and will readily sug- 
gest themselves. It is of course merely a rough and ready kind of level, 
but for preliminary surveys or reconnaissances and for contouring will be 
found very useful. It may even be employed by the tourist of a scienti- 
fic or observing turn of mind, for ascertaining differences of elevation as 
he walks along on pleasure bent ; — thus, by sighting a stone or other dis- 
tinct object on the road before him, repeating this from the position of 
the first selected object, and continuing thus to the summit of a pass or 
hill, he clearly obtains a number of stations along his route, each one of 
which is as much above the preceding one, as is the height of his eye 
^bove the ground ; this height then multiplied by the number of stations 
gives approximately the total difference of elevation. 

Figure 2 represents the Abney Reflecting Level and Clinome- 
ter which is a much more complete instrument than the Locke Hand 
Level, as it combines with the level, a Compass and a Clinometer, the 
one for ascertaining directions and the other for estimating slopes. The 
Compass is graduated to single degrees and is numbered in quadrants 
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from 0° to 90°. The bubble tube, instead of being attached to the main 
tube, as in the Locke Hand Level, revolves on an axis passing through 
the centre of a vertical arc, which is fixed to the main tube, and the 




Fig. 2. 

bubble, when in the centre of its run, is directly above the mirror or 
prism in the main tube, and its image is reflected to the eye at the sight 
hole. The vertical arc is divided to single degrees and numbered each 
way from the centre from o*^ to 60°. A vernier at the end of an arm 
secured to the bubble tube axis, enables angles of elevation or depression 
to be read to 10 minutes, and by estimation to 5 minutes; a milled disc, 
attached to the end of the same axis, serves to bring the bubble to the 
centre of the tube when sighting objects above or below the sensible hori- 
zon, and when so adjusted, the vernier may be clamped by means of the 
milled headed screw below the disc, and the corresponding angle at once 
read off. Another series of graduations on the inner edge of the disc 
gives the slope or grade in terms of the ratio of the base to the perpen- 
dicular, as 2 to I, I J to I, etc., the slope being read oflf from the outer 
edge of the vernier plate instead of from its zero point. 

The main tube of the Abney Level is square, so that it may be used 
as an ordinary spirit level, with the further advantage that when it is 
placed on a sloping surface, the angle of inclination or the ratio of the 
slope may be at once ascertained. In some instruments the graduations 
of the arc are carried to 90^, so that by setting the vernier zero to this 
angle and holding the instrument with its underface against a wall or other 
object, its perpendicularity may be at once ascertained by the bubble 
coming to rest in the middle of its run. A combination of a Prismatic 
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Compass with the Abney Level is also sometimes used and found to 
answer well, as the magnifying of the graduations of the compass by the 
prism enables not only half degrees, but also quarter degrees to be easily 
estimated. 

A ball joint and socket for Jacob staff, as shown in the figure, are 
provided with each instrument, so that greater precision in the results 
may be attained than if it were held in the hand. 

It may perhaps not be out of place in this connection to devote a 
few lines to the consideration of a level surface and a horizontal line or 
plane. 

We have stated in another article (Adjustments of Surveying Instru- 
ments) that the foundation of all such adjustments is that earth's radius 
upon which the operator is for the time being located. This radius, which 
is an imaginary line proceeding from the earth's centre, through the 
operator to the zenith, is a vertical line^ whilst another line or plane con- 
tinued in all directions at right angles to it, is, as regards this particular 
vertical line^ or the point where it cuts the earth's surface or the observer's 
eye, a horizontal line or plane. It will be evident, therefore, that the 
distance from the earth's centre to this horizontal plane increases as we 
leave our first station or point of observation, which determined the ver- 
tical line. 

A level surface is, however, at all points of its surface equally distant 
from the earth's centre, so that a horizontal plane is, by reason of the 
spherical form of the earth, only level for that one point for which it has 
been ascertained. Leveling, therefore, consists in determining the diflfer- 
ing distances from the centre of the earth of different points on its surface, 
and not their distance above or below a given horizontal plane. For short 
distances, however, a level surface and a horizontal plane are practically 
the same, the depression of the former, or the line of true level being but 
8 inches in a mile, and increasing as the square of the distance, being 32 
inches in 2 miles, and so on. 

A vertical line is obtained by means of a suspended plumb-line, the 
attraction of gravity drawing the plumb-bob in the direction of the earth's 
centre. It is also ascertained by means of a spirit level, which consists of 
a round glass tube of varying length, curved or having its upper inside 
surface ground to the from of a perfect arc. This tube is almost entirely 
filled with ether, leaving a small buble of air, which, by reason of the 
downward pressure of the liquid, is always forced to the highest point of 
the arc. A line drawn from the centre of this bubble to the centre of 
curvature of the arc is then a vertical line, and a line or plane, at right 
angles to this radius of curvature, or tangent to the middle of the bubble, 
is a horizontal line or plane, also called the line of apparent level. 

As a long plumb-line will indicate with much greater accuracy any 
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departure of a perpendicular object from the true vertical, so a spirit 
level with a tube having a long radius of curvature, will be much more 
sensitive than a tube with a short radius of curvature. This sensitiveness 
is in direct proportion to the length of the radius of curvature, for 
Let J^ = the radius of curvature of the level tube, in inches, 
and A = the length in inches of the arc of the level tube, through 
which the bubble moves for a diflference of level of i 
second, 
then we have 

r Circumference of^ 
360° : i" : : •< Curvature of > - A 
( Level Tube ) 

or 1296000" I 1'' : I 2 7t R \ A 

whence 

_ 2 7t R _ _R__ 
1296000 206265 

and R = A X 206265 

If, therefore, it is required that the bubble move through o. i inch for 
a variation of elevation of 30 seconds, the radius of curvatiure of the level 
tube will be rather more than 57 J feet. It will be at once seen from this 
that when precise results are desired, what care must be bestowed upon 
the manufacture of the levels of instruments so used, and that cheapness 
in such a case generally means untrustworthiness. And not only so, but 
every other portion of an instrument, as well as its means of adjustment, 
should be constructed with precision and care proportionate to the sensi- 
tiveness of its bubble tube. 



THE FLOW OF WATER IN PIPES. 

Many FORMULiE have been devised by various engineers for express- 
ing the relation between the velocity of flow in a pipe and the head re- 
quired to produce it. Unfortunately all of them are complicated, and 
cannot be used for mental calculation or in making rapid approximations. 
It may be noted, however, that in a vast majority of cases arising in prac- 
tice, the velocity of flow lies between 2 feet and 4 feet per second, and on 
an average is 3 feet per second. The head required to maintain this 
latter velocity through a length of clean cast-iron pipe is then 

T-r •!•/.. Length of pipe in feet 

Head m feet = ^— ^ — ^-^ -^—, — ■. — ; — r— 

25 X diameter of pipe in inches 

and the discharge in cubic feet per minute is very nearly equal to the 
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square of the diameter of the pipe in inches, the error being under 2 per 
cent, in excess. Both these calculations are easily performed mentally. 
For a velocity of i foot per second less than 3 feet per second, the head 
must be reduced one-half, and by a proportionate amount for intermedi- 
ate cases. For a velocity of i foot per second more than 3 feet per 
second, the head must be increased by .7 times that required for a 3 foot 
velocity, and that required for intermediate cases can again be determined 
by adding a proportionate amount for that required for the i foot in- 
crease. In this way the head required to maintain through a clean cast- 
iron pipe a velocity of not less than 2 feet a second, nor more than 4 feet 
a second, which are the limits usually adopted in practice, can be deter- 
mined mentally with an accuracy sufficient for 99 per cent, of the cases 
that arise in an engineer's practice. Having the discharge at a velocity 
of 3 feet a second it is of course easy to obtain the discharge at any other 
velocity. — London Engineering, 

Note. — We have frequently used the following original formula and 
found it to give results almost identical with those obtained by Weisbach's, 
whilst it has the merit of being very much simpler. 

Let Z = Length of pipe in feet, , 

D= Diameter of pipe in inches, ? 

V= Velocity in feet per second, 2 

Zr= Friction Head in feet, ? 



then 



^=?^x(4^^ + 4^+^-^)- 



or H= — ^— - X (4 F' -f 5 V—2) 

1200 Z> ^ ^'^ ~ ^ > o 



2 



The Formula may be further simplified by reducing it to 
^.^ Z X C 



t 

< 



D 

in which C is replaced by the following values, according to the velocity. 



ocit 


.y, I ft, C=. 00583 


Velocity, 6ft. ^=.1433 


u 


2 " =.02 


7 " =.19083 


u 


3 " = .04083 


« 8 « = .245 


(( 


4 « = .06833 


" 9 " = .30583 


<£ 


5 « =.1025 


" 10 " = .3733 



Example, — Find the loss of head for 400 feet of 12 inch pipe, the 
velocity being 3 feet per second. 
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Loss of Head = 40o X (36 + 12+ i)^ 4? _ , g fe^^. 

1200 X 12 36 

which is the same as Weisbach's, whilst Engineerings formula gives 

Loss of Head = — = \.xx feet. 

25 X 12 ^^ 

Weisbach's formula is very frequently used, we believe, by hydraulic 
engineers in this country, and in some cases where riveted pipes are em- 
ployed, 20 per cent is added on, so that the formula then becomes 

Loss of Head = ^ ^ x (4 r« + 4 ^4- ^-2). 
1000 D I -r I / 

We submit to our readers Engineering's formula and our own (which 
we must say is an empirical one) in the hope that they may be sometimes 
found to assist speedy calculation. 

We have also just completed a Computer, consisting of a dial and re- 
volving disc, which gives at once the same loss of head for any pipe from 
I to 100 inches diameter, and 100 to loooo feet long, with any velocity 
from I to 15 feet per second. The velocities read by tenths from i to 8 
feet and by fifths from 8 to 15 feet, and the Friction Heads range from 
.01 to 1000 feet. It also gives the discharge in cubic feet for any velocity 
and diameter of pipe. 

Such an instrument cannot fail, we think, to be of great use where 
many pipe calculations have to be made, especially as with any combina- 
tion of three terms, the fourth is at once found. 

(Editor of The Compass.) 




The accompanying figure shows 
in detail the pencil or tracer socket 
of the Improved Pantograph illus- 
trated in our last number. The 
handle and the arrangement for lift- 
ing the pencil are clearly seen. 
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ADJUSTMENTS OF SURVEYING INSTRUMENTS. 

Most Instruments used in surveying consist of parts, pieces or 
limbs, as they are termed, which should be perfectly parallel or perpen- 
dicular to each other, or form with one another angles which may be cor- 
rectly measured. 

These necessary conditions could be largely secured during the pro- 
cess of manufacture if such parts were not frequently required to revolve 
upon each other, or to be placed in different positions in regard to each 
other ; as however the combinations of movements in such instruments 
are more or less varied, it is requisite that means be provided for the 
separate adjustment of each movable piece, so that the whole may be 
brought into harmony with the main or foundation piece of the combina- 
tion of parts, which forms the instrument as a complete whole. This 
piece is in every case supposed to be in coincidence with that earth's 
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radius upon which the operator is for the time being located, and every 
other part of the instrument must therefore be either coincident with, or 
perpendicular to, this radius, or make with it such an angle that its de- 
parture therefrom, or its angle of elevation or depression therefrom or 
from the perpendicular thereto, may be accurately ascertained. 

The processes adopted to satisfy these conditions are called the 
Adjustments of the instrument^ and they are in almost every case effected 
by means of the great principle of Reversions. It may be well said 
therefore, that 

Reversion is the soul of Adjustments. 

We will take a simple case first and then examine the method by 
which this principle is applied to the adjustments of the several parts of 
Surveying Instruments. 

/A' 




We will assume that the line A B\n Fig. i is perfectly horizontal, 
although it is clearly not perpendicular to CZ>, — which consequently is 
neither vertical nor in coincidence with the earth's radius upon which we 
are supposed to be standing, — and that by looking along it from .^ to ^ 
we see that it covers a given distant point. 

Now supposing that the axial line C Z>, and with it the horizontal 
line A JB, be turned round 180^, then the relative position of the two 
lines will be as shown in Fig. 2, where a b represents the horizontal line 
A B oi Fig. I, covering the same given distant point, but in which A^ B^ 
diverges considerably from the horizontal plane A B oi Fig. i. 

In the figures let C E andC* E> represent vertical lines, perpendicu- 
lar to ^ ^ and a b^ then the angles D C E 2sA Z>' C^ E^ are the meas- 
ure of the departure of the axial lines C D and C * Z>* from a true verti- 
cal, and in Fig. 2 the angle a C^ B^ i^ the measure of the departure of 
the line A^ B^ from the horizontal plane a b. 

Now a C^ B^ = 180^— (^ C^ D' -\-B^ C JD'); 
but B' C D'=:b C D\ 

therefore a C^ B' = i8o°— 2 b C D' 
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Also D' C^ E^ = 90°— i^ CD' 

therefore 

a C B' :D' C'E' : : 180^—2 b C D' : ^o^'—b C» Z>» 
or a C B' :£>' C £' .• .• 2 : i, 

so that the angle a C ^B\ or the divergence of the line A^ B^ from the 
horizontal plane a ^ is twice as great as the divergence of the axial line 
C* Z>* from the true vertical C JS. 



B' 
a" 



B 



a: 



¥ 



D 



F>g. 3. 



We will now assume that the line C D in Fig. 3 is coincident with 
the earth's radius upon which we are located, that is, that it is a true ver- 
tical, and we will also suppose that the line ^ ^ is perpendicular to it, 
and that if we look along it we see that it covers the distant point x. If we 
now turn round 180*^ the line A -5 and with it its axis C jD, and look 
from B^ toward x, we find that a point z is covered by the line A^ B' in- 
stead of the first point x. By similar reasoning, therefore, as in the fore- 
going case, we find that the line -^ ^ is not perpendicular to C Z>, and 
that ^ 2; is double the measure of departure of the line A B from a true 
horizontal, or perpendicular to C Z>, this horizontal being represented by 
the middle hne Cy, Such is the principle of Reversion, which at once 
makes any error of adjustment not only apparent, but determines its 
quantity, and thus facilitates its rectification. 

{To be continued,) 



THE METRIC SYSTEM IN SPAIN. 

The use of the Metric System has for many years been obligatory in 
Spain, but by a law passed July 8th, 1892, this system is made obUgatory 
throughout her colonies, in all private and public contracts. 
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THE ECCENTROLINEAD, 




The above figure shows an instrument which will be found very 
useful by a certain class of Engineers and Draughtsmen. It consists of 
an ebony or German silver rule 9 inches long, to which is pivoted about 2 
inches from one end an arm, having a socket at its other end, through 
which a needle point is passed and secured by a set-screw. In some in- 
struments the pivot is also made to slide in a slot, so as to be able to 
further vary the position ot the needle point. 

As the arm is movable on its axis, the needle point can be set and 
clamped in any position as regards the two straight edges of the rule, con- 
sequently if the point is set in the centre of a circle, lines may be drawn 
to the circumference which originate at any desired lateral distance from 
the centre, as shown in the figure, which represents a wheel with the 
spokes drawn from equidistant points on the hub. 

It will also be found very useful for drawing a number of lines all 
radiating from one common centre, as by carefully setting the needle point 
in line with the straight edge, the exact position of the centre is main- 
tained for every radial line drawn from it, all that is required being to 
move the outer end of the rule round to each new circumferential posi- 
tion, without regard to the centre, which is accurately maintained through- 
out by the needle point. Those who have much diagram work to do will 
thus find it of great assistance. 

The edges of the rule are beveled in reverse directions, so that one 
will serve for pencil work and the other for pen work. 



Transits and Levej.s with four leveling screws are generally so 
constructed, that when, during the operation of leveling up, it is required 
to raise the right hand side of the instrument, the opposing screws should 
be turned with both thumbs directed inwards, and the reverse when the 
left side should be raised. This rule may be easily remembered by the 
short sentence, 

Go Right-In or else be Left- out. 
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LIGHT: ITS REFLECTION AND REFRACTION. IV. 




In our last number we described the Graphometer and stated a 
few of the many uses to which it may be put. We shall now describe the 
principles upon which its construction is based, and in our next give a few 
examples illustrative of the methods of using it. 

As ahready stated, if a ray of light, after being reflected from a plane 
mirror, falls in the same plane upon another plane mirror, and is reflected 
therefrom, then the angle formed by the incident ray of the first mirror 
and the reflected ray of the second mirror, is equal to twice the angle 
formed by the surfaces of the mirrors themselves. 




Fig. 2. 
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Figure 2 is a diagrammatic representation ol the main parts of the 
Graphometer, A being the Index glass and B the Horizon glass as shown 
in Fig. I. It is also supposed that from E an object at D is being 
sighted directly through the window and over or below the horizon glass 
B, The index arm is shown by the lines A C and A C^, the latter being 
its position when the Index Vernier is at zero of the graduated arcC* CZ. 
In this position the two mirrors are parallel to one another, and conse- 
quently the reflected image of an object at Z>* is seen in the mirror B 
in coincidence with the direct image at Z>. Considering the smallness of 
the instrument and the consequent nearness to each other of the mirrors 
A and B, the two parallel lines A D^ and B D may be, and usually are, 
taken to be one line, and the objects D and Z)*, when distant^ are prac- 
tically one and the same. We shall therefore follow the general practice 
and consider that B D and A D^ are parallel and yet merge in the same 
distant point D, and also assume that our instrument is so adjusted that 
when the reflected image coincides with the direct one, the vernier zero 
likewise coincides with the zero of the graduated arc. The angle of in- 
clination of the two mirrors, or the vertex angle ABB will also naturally 
in such a case be 0°. It is well, however, to note that if near objects are 
sighted and brought into coincidence, the vernier and the arc zeros will 
not coincide. The difference should be noted, and a plus or minus cor- 
rection, the I. C, used in all observations of objects at such near distance. 

We will now suppose that we are looking directly at an object beyond 
Z?, and that we wish to ascertain the angle subtended by it and another 
object beyond R. Having adjusted the mirror A by means of the index 
arm so that the reflected image of the second object in the mirror B is 
brought into coincidence with the first object viewed directly, then the 
angle read off on the graduated arc by the vernier is half the angle sought^ 
that is 

Vertex Angle B E JD = 2 Angle C A C^ 
= 2 Angle jET, 
Thus, in Fig. 2, the vernier gives a reading of 21° 30'; the angle at E 
subtended by B and D is therefore 43°. 

That this is so will be evident from the following demonstration. 

Let P A Bht perpendicular to the plane A Hoi the mirror A^ 
and B Bht perpendicular to the plane B H oi the mirror B ; 
also let J^ Abe parallel to B P^ 

then Angle B A B" = Angle B, 

and Angle V' A B = Angle A B F=b, 

Now A D^ and D E being parallel to each other. 

Angle R A D^ = Angle RED, 
and Angle D" A B = Angle ABE^^b-^bK 
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We have seen that the angle of incidence is always equal to the angle of 
reflection, therefore 

Angle R A P =P A B,ox a = a\ 
Angle A B F = F B E, ox b = b\ 
and Angle D' A P^ = P' A B = b = b\ 

It is now evident that 

RAD^ = RA B—D' A B 
= (^ + a^)-{b + b') 

= 2 a — 2b Eq. i. 

B\x\,a = b'\- F 
and 2a^2b-\-2F 
therefore, by substituting in Eq. i, 

Angle PAD' = 2b-\-2 F—2b 

= 2F, 

Consequently Angle R E D =^ 2 F= 2 If, Eq. 2. 

The fact should not be lost sight of that the angle thus measured is 
the one having its vertex at E, and that the position of E will vary with 
the angle of inclination of the two mirrors, being behind the observer for 
very small angles, and very close to the instrument (or even within it) for 
large angles. It is therefore impossible to define at once its exact posi- 
tion, so that if it is necessary to know where a plumb-bob should be let 
fall, some computation of the length A E must be made. Thus, if for a 
given instrument, we know the distance A B and the angle A B E^ we 
can compute A E, for 

Sin A EB : A B : : Sin A B E : A E; 

thus, if -^ ^ be I inch and the angle A B E he 60°, then for a vertex 
angle A E B of i^ wq should have A E = 4g. 6 inches, and for an angle 
of 40°, A E=^ 1.35 inches. 

The various principles thus laid down apply equally to the Sextant, 
so that it is clear that both it and the Graphometer must be used with 
care when it is desired to determine the exact position of the vertex, and 
even then, it should not be considered as having been ascertained with 
absolute certainty. When measuring the angle subtended by two very 
distant objects, and when this angle is even a very small one, the position 
of E is of little moment and may be considered as being identical with 
that of the observer. 

This peculiar feature of these instruments does not, however, detract 
from their value, and the Graphometer, with an Abney Level, would be 
found, by reason of their portability and other useful qualities, to render 
the greatest services to the Engineer engaged on Preliminary Surve>*s, 
Reconnaissances, etc., while scientific travellers would be enabled by their 
means to derive both pleasure and instruction from their use. 
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HOW TO DRAW AN ELLIPSE, 
C 




Many devices have been employed for drawing Ellipses, but we be- 
lieve the simplest and most generally satisfactory Ellipsograph is one that 
is made with a pair of ordinary compasses with movable needle points in 
which a small hole is drilled close to their end. 

The mode of procedure is as follows : — First draw the major axis A 
B^ and the minor axis C D 2X right angles to, and cutting, the major axis, 
in the centre of its length, each one of the axes being of the length de- 
sired. Then take the compasses and pass a fine thread through each hole 
from the outside, and knot it on the inside, the distance between the points 
being made equal to the major axis. Then with the compasses opened to 
half the length of the major axis, place one point on the end C of the 
minor axis and describe an arc, cutting the major axis on each side of the 
minor axis in the points FzxAf\ these points of intersection are the^??^/. 
Now take the compasses in the left hand and place one point on each of 
the foci, then with a pencil held in the right hand against the inner side 
of the loop formed by the thread, pass right round from one end A of the 
major axis, through C to its other end B^ keeping the thread stretched all 
the while, when the half of the ellipse will be traced. Now reverse the 
compasses and trace in the same manner the other side JB D A, thus 
completing the ellipse. The lines C/aine C F show the position of the 
thread when the pencil is at C, 

For ink work, special pen points are supplied with a small hook at. 
tached near the bottom of the inner nib, through which the thread slides 
as the drawing pen is being carried round. A small nick should be cut or 
filed in the pencil near its point, to prevent the thread from slipping on to 
the paper or up the pencil. 

These drilled compass needle points can be procured from the Pub- 
lishers of The Compass, also pen points with hooks on them. It may 
sometimes be more convenient, instead of making a knot at each end of 
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the thread, to wind one end round the compass leg, and keep it firmly 
there with the fingers holding the compasses. By this means ellipses 
having varying axes may be more expeditiously drawn, as the tediousness 
of making the second knot exactly in the right place is avoided. 

The above will be found a useful and ready method for drawing 
circles and circular surfaces, such as wheels, etc., in oblique positions, 
which otherwise is generally a tedious operation. 



THE ''Pr TRIANGLE. 



'*Copyright, 1892, by 

William Cox, 

New York." 




The above figure represents a hard rubber or celluloid triangle so 
constructed, that by it certain properties of the circle may be at once 
solved, while owing to its being a right-angled triangle, it may be used in 
the usual way with the T. square for setting off perpendiculars. 

Thus, let -5 C= diameter of a circle, 
then, A D being perpendicular to B C, 

_ _ Circumference ^ . ... 

B D=^ of the same^circle, 

4 

and A B = Side of an equal square 



= \/area of the same circle. 
Let B C= 452 parts by any scale, 

then . ^2)=lSiJi_- = 35S 

4 
whence the circumference = 355 X 4 = 1420, 



and A B = ^45^ X 452 X .7854 

or, from the properties of similar triangles. 



^^ = V452 X 355 



= v/160460 = 40045-57 

Many cases of the usefulness of such a triangle will readily suggest 
themselves to the draughtsman without further recommendation on our 
part. 
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''SQUARING THE CIRCLE r 

Industry^ in its November issue, under the above heading, copies 
our article on the Value of **Pi" which appeared in our August number, 
and then continues : 

"The strangest thing we have ever seen in this connection 

was a brass plate prepared by Professor Harvey of Glasgow, so 

divided and fitted together that it could be arranged in a circle or 

a square. The plate was six inches in diameter and one quarter 

inch thick, and the joints were so carefully made that they were 

nearly invisible. It was based on the 3.2 theory above explained." 

Are we to gather from this that Industry espouses the cause of the 

resuscitated 3.2 "Pi"? If so, we should be pleased to have particulars 

of the ground upon which they base their theory. The area of a 6 inch 

circle on the 3.2 n basis is 28.8 square inches, and on the 3.i4i59;r basis 

28.274 square inches, from which we have for the sides of equal squares 

5.373 and 5.317 inches respectively, being a difference of 0.056 inches. 

Is it not possible that this was lost in the joints, or that the four sides of 

the square did not measure exactly 5.373 inches? We cry for more light 
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ENGINEERING AND SURVEYING INSTRUMENTS. V. 

Clinometers. 




Fig. I. 

The Engineer or Architect has frequently to determine grades and 
to ascertain the amount or degree of slope of such as already exist. 
Various kinds of instruments are supplied to effect this, some being more 
useful or handy in certain cases, while others may be more applicable to 
other cases. 

The Abney Reflecting Level and Clinometer, described in our No- 
vember issue, is one of them. Fig. i is another useful Clinometer, which 
is also convenient for the pocket. It consists of two pieces of boxwood, 
6 inches long, about f inch thick and | and ij inch deep respectively, 
jointed at one end, and which, when fully opened out, may be used as 
an ordinary Foot Rule, being graduated to inches and eighths and also to 
inches and tenths. A small compass, graduated to divisions of 2 degrees 
each, is inserted in the front face of one of the pieces, whilst on the top 
face of each piece is a small spirit level. The ends of the upper surface 
of the instrument are provided with folding pin-hole and cross hair sights, 
so that the angle of elevation or depression of distant objects may be 
ascertained, the reading being taken from the edge of the lower level on a 
quadrant divided to single degrees, attached to the upper level. There 
are also two printed scales on the body of the instrument, one giving the 
number of degrees equivalent to slopes of i to 36 inches per yard, and the 
other giving the ratio of the vertical to the horizontal, such as a fall or a 
rise of one foot in 3 feet, 5 feet, etc. 

When the Clinometer is used simply to determine a level surface, the 
two pieces are closed, and the motion of the upper bubble noted, but 
when it is used to ascertain the inclination of existing slopes, the two 
pieces are opened out, and if the surface upon which it is placed is the 
same as the inclined one, then the u/per bubble is brought to the centre 
of its run, and the slope angle read off on the quadrant. 

When, however, it is required to determine a non-existing grade, the 
Clinometer must be first placed on a level surface, ascertained to be such 
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by the bubble of the under level, then the upper piece is raised, the sight 
taken to any required given point in the grade, and the angle of inclina- 
tion noted on the quadrant ; or the upper piece is first raised to the re- 
quired angle by means of the quadrant, when a distant point in the grade 
may be observed through the sights. 

This Clinometer may also be used for determining the perpendicular- 
ity of walls, iron columns, etc. , by opening out the levels to an angle of 
90°, thus making a common leveling square. If the underside of the lower 
level is then set against the wall of a building or other required perpen- 
dicular surface, the upper level will at once indicate by its bubble whether 
it is perfectly vertical or not. It will also be found very useful for measur- 
ing the dip of mineral strata. 

As the faces are of necessity all trued up, the instrument may even 
be used horizontally, if no other is at hand, for setting off or measuring 
angles on drawings. 

Slopes or Grades are designated in different ways, but all give the 
proportion between their horizontal length and the difference of height of 
their extreme ends. The following methods of designation are more or 
less used. 

1. Slope in Degrees, as a 5^ Slope. 

2. Rate per cent, or Ratio of n Units of vertical height to 100 units of 

horizontal distance, as 2 per cent,, 3 per cent.^ etc., which may be 2 
or3 feet, yards, metres, etc., rise in 100 feet, yards, metres, etc., of 
horizontal distance. This mode of designation is always used for 
metric measurements, as 2 centimetres per metre. 

3. Ratio of Vertical Height to Horizontal Distance, as i /// 60, i in 65, 

etc., which may be a rise of i foot, yard, metre, etc., in 60 or 65 
feet, yards, metres, etc., of horizontal distance. This is the usual 
English method of designating slopes. 

Note, In No. 2, the horizontal distance is a fixed quantity of 100 
units^ and the vertical varies^ but in No, 3, the vertical is a fixed 
quantity of i unit^ while the horizontal is a variable one. 

4. Inches per Yard, where the vertical height is given in inches, the hori- 

zontal distance being an invariable yard or 36 inches. 

5. Feet per Mile, the vertical being a variable number of feet, and the 

horizontal being an invariable mile or 5280 feet. This method is 
only used for very slight inclinations, as rivers, canals, railroads, 
etc. 

6. Ratio of base to perpendicular, as 2 to i, i^ to i, etc. This mode is 

used to designate side slopes of embankments, cuttings and other 
similar works. 
The following formulae for reducing slopes in any one designation to 
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equivalent slopes in any other designation may sometimes be found use- 
ful. 

To reduce Degrees to other designations. 
Tan ay, 100 = Rate per cent. 

Cot a = n Horizontal to i Vertical, (one in n.) 
Tan a X 36 = Inches per Yard 
Tan a X 5280 = Feet per Mile. 

To reduce Rate per cent, to other designations. 
Rate per Cent . _^^^^ 



100 
100 



= n Horizontal to i Vertical, (one in «.) 



Rate per Cent, 
Rate per Cent. X 36 _ i^^^es per Yard 

RateperCentX 5280 ^ Feet per Mile. 

ICO 

To reduce Ratio of i Vertical to n Horizontal (one in n) to other 
designations, 

n = Cot a 

i?? = Rate per Cent. 
n 

A_ = Inches per Yard. 
n 

^— = Feet per Mile. 
n 

To reduce Inches per Yard to other designations. 

Inches per Yard rp 

36 

Inches per Yard X 25 ^i^. ^ ^ 
i- ^ = Rate per Cent. 

9 

- — - — ^ — — - = n Horizontal to i Vertical, (one in n\ 

Inches per Yard ^ '^ 

Inches per Yard X 44o ^_ peet per Mile. 
3 I 

To reduce Feet per Mile to other designations. 
Feet per Mile _T.^„ ^ 
5280 
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Feet per Mile X 5 t» .. ^ . 

— -^-^ = Rate per Cent. 

264 

- — 5 — ^ = n Horizontal to i Vertical, (one in n,) 

Feet per Mile ^ ^ 



Feet per Mile X 3 t u tr j 
^ CljI= Inches per Yard. 



440 



In our next we shall give a complete table of Slopes with their 
equivalents in the various designations. 



ADJUSTMENTS OF SURVEYING INSTRUMENTS. IL 




Fig. I. 

We Showed in the last issue the value of the method of Reversion 
for detecting errors in the Adjustments of Surveying Instruments, as by 
its means, the error not only becomes apparent, but its quantity is also 
determined. 

Figure i is a Linear Diagram showing the axes of the principal mov- 
able and adjustable parts of an Engineer's Level, which require to be in 
perfect adjustment, such adjustments to be made in part by the maker, as 
a necessary quality of the construction, and in part by the operator. 

In the above figure, the following parts are indicated, viz : — 
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A B = Telescope axis and line of Sight or line of Collimation. 
CZ> = Level Bar. 
£ jF = Spindle or Inner Centre. 
GIf= Level Tube, with 

e = Centre of Bubble in the Centre of its run. 
J K= Upper Leveling Plate or Patent Leveling Arms. 
L^ L=> Leveling Screws. 
MN= Tripod Plate. 
O P = Tripod Head. 
J^ S = Vertical Axis passing through the centre of the Spindle when 

the Instrument is perfectly adjusted, and the bubble is 

exactly in the centre of its run, or at the zero division 

of its graduations. 
a b and ^ // == the outer Centre or Sleeve, with half ball, forming the half 

ball joint with 
m n = Ball Sockets, 
C C 



ii}= Wyes. 



It will be at once seen that the lines A B and R S are in principle 
the same as the lines A B and C D oi Figs, i, 2 and 3 in our former 
article, and that upon them mainly depend the adjustments of the Level. 

We will, however, examine these various parts of the instrument more 
closely, and then see how the adjustments are effected. 

We have shown that our starting point or the basis of all surveying 
and astronomical operations is that earth's radius upon which we are for 
the time being located; and all observations are in fact reduced to this line, 
and to its initial point, the earth's centre. This line, which is per se a true 
vertical, is represented by the line R S^ passing through the spindle of the 
Level, while the point of the earth's circumference which it cuts will be in- 
dicated by the plumb-bob, hanging from the bottom F of the spindle. To 
obtain a perfectly horizontal line, the lines y^, CZ>, 6^ ZT and A B 
should now be perfectly parallel to one another and exactly perpendicular 
to R S, To ascertain that this is exactly so, we have recourse to the 
level tube G H with its bubble ^, as by this alone, and the principle of re- 
versions, can we verify the verticality and the horizontality of the different 
lines. 

The line J/ iV represents the tripod plate of the instrument, which 
is screwed on to the tripod head O P. The instrument is then set up on 
its legs so that O P may be as nearly horizontal as can be, judging from 
general appearances. In the process of construction the outer centre or 
sleeve a b and c d\^ made perfectly concentric with the axis of the spindle 
E Fy the upper surfaces of the collar b and d upon which the level bar 
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rests, being also constructed perfectly perpendicular to the axis of the 
spindle to which the level bar C Z> is firmly attached. We say the axis 
of the spindle, because it is always made slightly conical so as to gently 
bear upon the inner surface of the sleeve and yet be capable of easy re- 
volving motion. 

If now the axis of the level tube G If is parallel to the level bar C£>, 
then when G His horizontal, as shown by the bubble c being exactly in 
the centre of its run, G If and C D will both be perfectly perpendicular 
to E F and to R S. If, however, G ZTand C D are not parallel to one 
another, then, when the bubble e is in the centre of its run, and G His 
consequently horizontal, CD will not be horizontal, and naturally the 
axis E Foi the spindle is not coincident with R S, the true vertical, as 
was shown in our last number. 

By the same process of reasoning, if the axis A B of the telescope is 
parallel to the level bar and to the level tube, then, when AB is horizontal, 
as shown by the bubble e being exactly in the centre of its run or at zero, 
A B will be perpendicular to E F and to R S, But if, by reason of one 
of the wyes C C or D D^ being a little longer than the other, AB is not 
parallel toGH^ then, when the bubble e is in the centre of its run, and 
the level tube consequently horizontal, the telescope axis will not be 
horizontal, and will naturally not be perpendicular to E F and R S. 

But the case may arise in which the telescope axis A B is parallel to 
the level bar C Z>, but yet not parallel to the level tube GH, In such 
a case it clearly follows that bringing the bubble to the centre of its run at 
e does not make the telescope axis either horizontal or perpendicular to 
R Sy the basis of all levehng operations. 

We have, in a Level, therefore, as a basis, the imaginary vertical line 
R S; and by construction^ when the spindle axis E F coincides with R S, 
then the level bar C D is horizontal, and also perpendicular to R S. The 
wyes supporting the telescope are made adjustable, as are also the ends 
G and ZTof the level tube, to allow of these being made parallel to each 
other and to the level bar, so that when the bubble is in the centre of its 
run at ^, ^ B, CD and G H are all perpendicular to^ F and R S, and 
the telescope axis ^ ^ is consequently horizontal in all positions of the 
horizontal plane to which it may be turned round. 

Such are in theory the requirements of a perfectly adjusted instru- 
ment. We shall see further on how they are carried out in practice. We 
must, however, examine first the telescope and see what is required of it. 

{To be continued,) 
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LIGHT: ITS REFLECTION AND REFRACTION, V. 

In our last we explained the principles underlying the construction 
of the Graphometer, and by anology, the Sextant. We shall now give a 
few examples of the many problems for whose solution it is specially 
suited, as stated in our October number. 

It should be distinctly noted that the following examples are given 
with strict reference to the Graphometer. in which the divisions on the 
arc are figured according to their real value thus indicating the angle of 
inclination of the two mirrors, which is only half the angular distance be- 
tween two objects of which one is viewed directly and the other by reflec- 
tion. 

I. To set out a perpendicular on a given line A Bfrom a given point 
B. 

Set the zero of the vernier to 45°, so that the angle formed by the in- 
cident ray of the first mirror and the reflected ray of the second mirror 
shall be equal to 90 degrees, = angle ABC. Hold the instrument over 
the given point B^ and look through the window, and over or below the 
horizon glass at another point or rod at A on the given line. Now send 
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out a rodman towards C, and by 
signs direct him to hold his rod in 
such place and position, that it may 
be seen reflected in the horizon glass 
in coincidence with the rod at A seen 
directly through the window. JB C 
will then be the required line perpen- 
dicular to A B, 



2. To measure the distance A B^ the point A being inaccessible. 

With the vernier 

zero of the instru- 
ment at 45 degrees, 
set off a perpendicu- 
lar B (7, then with 
the vernier set to 22^ 
degrees, proceed to- 
\ wards C until a point 
C is found from 
which A and B are 
seen to coincide, the 
one by direct vision 
and the other by re- 
flection. ^C is then 
equal to A B. 
It may sometimes 

be more convenient to set a rod at Z>, perpendicular to B on the line A 
B^ as described, then to walk towards C, keeping the rod D continually 
covered by B^ until the point C is reached. 

Other angles may also be taken instead of 22^ degrees, thus 

With angle = 28° og A B = i^ B C 
" =31^ 

" =34" 

" " =35 

If it should be impossible by reason of obstructions to set off B C 
perpendicular to A By take for B any other suitable angle and set off" a 
line cutting A B in B, and making with it the angle selected. Now set 
the vernier zero to 90*^ — ^ B and proceed as before until both A and B 
are seen to coincide. B C and A B will again be equal to each other. 

3. To measure the distance betiveen A and B^ both of these points be- 
ing inaccessible. 




°43' 


« = 2 


= 06' 


" =2\ 


°47' 


« = 3 


°S9' 


" = 4 
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Select any suitable 
position E and meas- 
ure the angle AEJB. 
, ^, ^^^ \ Now set the index 

"^^^ --^ -^ ^^ --^= -^ of the Graphometer 
to half that angle, 
that is, to a quarter 
of the real value of 
the angle ABB, and 
proceed towards C, 
until at the point C 
the points A and E 
are seen to coincide, 

the one viewed directly and the other by reflection. A E will then be 

equal to C E, seeing that 

A E B= 180^—^ E C 

and E A C -\- E C A = iSo'^—A E C; 

but by construction E C A = \ A E B 

therefore E AC= iAEB = EC A, 

consequently A E= C E, 

Proceed in the same manner to find the point D^ then will C D =^ A B, 

To measure the height A B. 

Set the index to 

45° and holding the 

instrument in a verti- 

^^.^ cal position, find , a 

point C, at which B^ 
horizontal with the 
eye, and A are seen 
to coincide. Then 
are B C and A B 
equal to each other. 
This of course sup- 
poses that B is accessible. As in Example 2, the instrument may be 
set to other angles than 45°. It may be however found to be impossible 
to make use of the angles there given, in which case, take any convenient 
point C and measure the angle AC B, which is twice that shown by the 
index vernier, calculating the height A B by the formula 

A B = BCt3LnACB. 

5. To measure the height A B when the point B is inaccessible. 

At C measure the angle A C B^ then proceed to any other conven- 
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lent point D in line with B and C, and measure the angle A DQ also 
measuring the distance C Z>, then 

CD 



A B = 



Cot A D B—Cot AC B 



Or find a point C at which ACB =^ 45®, and a point D at which AD B 
= 26° 34', then \^ C D =^ A B. In place of these angles. Cmay be 
made 26° 34' and D = 18° 26', in which case also C D = A B. Ojther 
suitable combinations can easily be found. 

It should be noted that in examples 4 and 5, where trigonometrical 
computations have to be made, the r^al angle must always be taken, 
which is twice that shown by the index vernier. 

6. To ascertain Altitudes with the Artificial Horizon, 
In The Compass for August we incidentally referred to the use of 
the Artificial Horizon in connection with the Sextant for the purpose of 
observing Altitudes. 

Let it be required to ascertain the altitude of an object beyond R in 

the direction E R 
that is, the value of 
the angle R E H^ in 
which E If is the 
true horizon. After 
setting up the artifi- 
cial horizon / /* on 
the ground, the ob- 
server should so place 
himself at E that he 
sees clearly the re- 
flection of the object 
R in the horizon at 
Dy then taking the 
Graphometer in the 
left hand, look 
through the window 
at this reflection di- 
rectly, whilst with the 
right hand he turns 
the index round un- 
til the image of /? is 




Fig. 6. 



seen by reflection in the horizon glass to coincide with D in the artificial 
horizon. The angle A C By read off by the vernier ^ will then be equal to 
the angle R E HyOr half the observed angle RED, 
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It is pre-supposed, as was stated in our last number, that the rays of 
light R E and E> D, (equivalent to D^ A and D B\n Fig. 2, page 60), 
from the object are parallel, which is practically the case for very distant 
objects. If, however, the object whose altitude is sought is near, then 
R E and R^ D will clearly not be parallel, and a correction must conse- 
quently be made, namely, half the angle between R^ D and R E must be 
added to the angle AC B read off by the vernier. 

In conclusion, it may be stated that the chief value of the graphome- 
ter, (as well as of the Sextant), is its great portability, and the fact that it 
requires no tripod or other fixed support ; it may be used when walking, 
on horseback or on the sea. It can also be used for ascertaining the un- 
known position of an object from two angles, measured to three points or 
objects whose relative positions are previously known, — commonly called 
the "three-point" problem. 



A NEW COMPOUND TRIANGLE. 




Fig. I. 
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The above figure shows a new Compound Triangle which, even in 
its simplest form, will he found a very useful tool for the draughtsman, as 
by combining in its construction several simple triangles, he can with it 
and an ordinary straightedge, set off angles of 15, 30, 45, 60, 75, 90, 105^ 
120, 135 and 150 degrees. It also enables him to set off at once perpen- 
diculars which shall not only touchy but cut any given straight Hne, that is, 
meet it on both sides. 

By means of the graduated scales, a radius may be drawn to any cir- 
cular curve, or the centre of any cirtle may be easily found, whilst the 
diameter of any circle or the radius of any circular curve may also be calcu- 
lated with it. 

These Compound Triangles are made in Black Rubber, without any 
graduated scales, for use in the draughting room as ordinary triangles ; 
and also in Celluloid, with the various graduated scales, as shown in the 
figure, being then also called Curve Radiators and Protractors. 

The following are some of the various methods of using this new tri- 
angle. 

1. To draw a perpendicular to a line that will not only touch it^ but 
will cut it. 

Place the triangle on the given line in such a manner that the hne 
B D may coincide with Jt, then jE Mis perpendicular to, and cuts the 
given hne. In the same way perpendiculars or radii may be drawn from 
railway and other curves. This line -^ Z> is traced on the Black Rubber 
Triangles. 

2. To plot Angles. 

The upper angle of the instrument, ox B E D gives at once 90°, the 
angles MED and M E B each 45^, while the lower angle M gives at 
once 60° and 30°. By means of a straight edge, the following may also 
be very easily plotted, namely 15°, 75°, 105°, 120®, 135° and 150°. 
Other angles may be plotted by placing the triangle so that the line B D 
shall Giflncide with the line upon which the desired angle is to be con- 
structed, and so that the point O of intersection of E J/ and B D shall 
be the apex of the same, then with the proctractor scales B E and E D 
lay of the required angle. 

3. To draw a radius to any circular curve. 

In the case of curves of small radius, lay the triangle on the curve so 
that 60, 80 or 100 of each of the side scales B J/ and D J/ shall cut the 
curve, then E Mis a, radius to the curve. In the case of curves of large 
radius it will be well to make 150 or 160 of each of the side scales coin- 
cide with the curve. 

4. To find the centre of any circle. 

For circles of not more than 8 inches radius, it suffices to place the 
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triangle so that the circumference will cut the three scales in exactly the 
same place, thus the circumference of a circle 16 inches diameter will cut 
the three scales at the division 160, and the point il/will be the centre of 
the circle. (Note: the scales are all divided to 20 parts to an inch.) 

For circles of greater diameter, set the triangle so that the circumfer- 
ence cuts each of the side scales at the same division, say 1 50, then draw 
a radial line. Repeat this in another position of the circumference, when 
the intersection of the two radial lines will be the centre of tjie circle. 
The centre of curvature of any circular curve may be obtained in the same 
manner. 

5. To calculate the diameter of any circle or the radius of any circular 
curve. 

Set the triangle so that 100 oC each side scale coincides with the cir- 
cumference of the circle, then note the reading of the centre scale where 
the circumference intersects it, and deduct 86.6 from it. Call the remain- 
der AT, then the following formula will give the diameter in inches. 

When the radius of curvature is more than 8 inches, let t6o of the 
side scales coincide with the circumference or curve, and deduct 138.56 
from the reading of the centre scale, then 



Diameter : 



20 



Diameter = Q^ ^ x\-^ 



20 



An interesting peculiarity of this Compound Triangle is that it gives 
very nearly correctly in a graphic manner the circumference of a circle and 
also the side of a square having an area ^x^G 

equal to that of a given circle. 

Thus, in Fig. 2, ^ 




Fig. 2. 
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et A B = Diameter of the circle FAB, 

then ^ C = J Circumference, or 

BC -\- CZ>-\-Z>£-\'JSB = Circumference, 
and FB^ =^ Area of the Circle. 

These are correct to 4 per mille. 

In the above figure, D M B E D represents the Compound Tri- 
angle, and A B, perpendicular to the side or base B E^ is the diameter of 
the circle. This can, by means of the T Square, or by using a Parallel 
Rule, be made any length. Now draw with the Triangle D J/ and B M, 
and from the point of intersection M, draw MCE, then draw from E 
the perpendicular E D, and from the point of intersection D, the line D 
C, parallel to B E. Then is, as stated 

BC^=^\ Circumference 
and F B^ ^=- Area of the Circle whose diameter is A B. 

The Circumference and Area as thus found are but 4 per mille too 
great, which frequently in such drawings would be of but little moment. 
For perfectly correct results, the ^^/Y" Triangle, described in our last, 
should be used in a similar manner. 



NEW BOOKS, 

The Theory and Practice of Surveying; designed for the use 
of Surveyors and Engineers generally, but especially for the use of Students 
in Engineering. By J. B. Johnson, C. E. John Wiley & Sons, New 
York, 1892. 8 vo. cloth, 754 pages, with numerous illustrations and tables. 
Price $4.00. 

This well-known and deservedly popular work, which has reached a 
tenth and enlarged edition, is divided into two parts, the first one treating 
of the construction, adjustment, use and care of instruments used in sur- 
veying, either in the field or the office. Part II includes descriptions of 
the theory and practice of surveying methods in the several departments 
of Land, Topographical, Railroad, Hydrographical, Mining, City and 
Geodetic Surveying j Surveys for the Measurement of Volumes, etc. 

The plan adopted by the author is that of presenting the various 
subjects concisely and scientifically, so that the student may know the 
"why" and the '^ wherefore" of every step he takes, whether in the ad- 
justment of his instruments, the actual work in the field, or the necessary 
subsequent computations. 

Chapter VII on Land Surveying, will be found especially valuable, 
as it describes very clearly and fully the United States System of laying 
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out the Public lands, and also gives the principles and laws bearing on 
the Resurvey of Private Lands, based upon a careful digest of a large 
number of judicial decisions, which should govern the Surveyor in his 
actions. 

In one of the Appendices will also be found the latest instructions 
on the triangulation, precise leveling, topographic and hydrographic sur- 
veys of the Mississippi River, issued by the Mississippi River Commission 
to its field parties. As they embody the experience of nearly forty years 
of such work, they will be found to well repay careful consideration, re- 
presenting, as they do, the latest and best methods of conducting such 
surveys. 

A Treatise on Highway Construction ; designed as a Text Book 
and Work of Reference for all who may be engaged in the Location, 
Construction or Maintenance of Roads, Streets and Pavements, by 
Austin T. Byrne, C. E. John Wiley & Sons, New York, 1892. 8 vo. 
cloth, 686 pages, 90 tables and 249 illustrations. Price $5.00. 

The appearance of this book is most opportune, especially when 
considered in connection with the efforts being made at the present time 
to induce the Senate and House of Representatives to establish a Road 
Department in Washington, similar to the Agricultural Department, whose 
creation has been so beneficial. 

It may be taken as a very true maxim that the roads of a country 
are a faithful index of its moral and material prosperity. That good roads 
are a necessity, none will deny, and that such are painfully (both for man 
and beast) lacking in many States of the Union, is well known ; but yet 
it. must in common fairness be allowed that there are many diflSculties 
in the way of the establishment of such systems as are met with in France, 
England, Belgium and other countries of the Old World. Here, distances 
between manufacturing and commercial centres are enormous, and the 
population and consequent means of maintenance out of all proportion to 
the needs of the commercial and agricultural community. 

The careful study of this work will well repay all those who are con- 
nected with the civil administration of the affairs of this vast nation, as 
well as those personally interested in the management of large estates,, 
from the development of which they seek to obtain the most profitable 
returns. 

The book is methodical in arrangement, clear and concise in lan- 
guage, well illustrated, and readable from a typographical point of view, 
and we heartily commend it to all who have at heart the welfare of this 
great and glorious country. 
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THjS EIDOGRAPH. 




Fig. I. 

The Eidograph is an instrument, invented by Professor Willis in 
1 82 1, for making copies of drawings on an enlarged or reduced scale. Its 
•construction is based upon the theorem (Euclid VI., prop. 6) to which 
we have already referred in our articles on the Pantograph, but it is, owing 
to the almost entire absence of friction in the moving parts, a more sensi- 
tive, and consequently, more manageable and reliable instrument than 
the Pantograph. 
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The Eidograph, as represented in Fig. i, consists of a main or centre 
square beam, which slides in a socket, said socket revolving horizontally 
upon a pin projecting from a substantial weight, which serves as a stand- 
ard for the support of the whole instrument. This pin, which is accurately . 
turned and fitted to its bearing in the socket, is the fulcrum of the instru- 
ment, and the weight has on its under surface 3 or 4 fine needle points, so 
that its position on the drawing board may be steadily maintained during 
the operations of enlarging or reducing. The main beam can be clamped 
in the socket in any required position, according to the scale of the draw- 
ing to which the instrument is set. At each end of this beam is another 
socket, in which revolves a well-fitting pin, which serves as the axis of 
rotation of a disc wheel, grooved on its circumference, and having attached 
to its under surface a sleeve or box. An arm passes through each of these 
boxes, one end of which is adapted to receive an interchangeable pencil 
or tracing point; these arms can also be clamped in their respective boxes 
in any desired position. 

The two disc wheels are connected with one another by a steel band, 
attached to their circumference in the groove, so that motion given to the 
one transmits similar and simultaneous motion to the other. These bands 
are adjustable on both sides of the centre beam, so that a suitable degree 
of tension may be given them, and that the arms may be made perfectly 
parallel to each other. To preserve this parallelism throughout their various 
movements around their respective axes, it is obvious that the discs must 
be exactly of the same size, and also perfectly centred. If motion be then 
given to the tracer at the end of one arm, similar and equal or proportion- 
ate motion is transmitted to the pencil at the end of the other arm. When 
it is desired that a certain fixed ratio shall exist between the motion of the 
tracer and pencil points, the centre beam and the arms must be so 
adjusted in their sockets that this same ratio shall exist between the two 
sections of the centre beam, and also between the distances of the tracing 
and pencil points from their axes of revolution. 

In order to facilitate the accurate setting of the centre beam and the 
two arms to the desired ratio, the total length of each of these pieces is 
divided into 200 equal parts, each one of which is further subdivided by 
means of a vernier into tenths. These graduations are not, however, 
carried over the entire length of the bars, as divisions from o to 100, read- 
ing with the vernier to 1000, are practically all that are needed for the 
great number of proportions to which the instrument is capable of being 
set. Thus, suppose we wish to enlarge a drawing in the proportion of 3 
to 5. This ratio is clearly equivalent to 75 to 125, and 75-1-125 = 200, 
so that the fulcrum must be placed at a distance of 75 parts from one of 
its end sockets and 125 parts from the other end socket. Likewise, the 
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tracer should be 75 parts from its axis, and the pencil point 125 parts 
from its axis, as shown in Fig. 2. 
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Fig. 2. 

The setting of the beam and the arms for different ratios is obtained 
from a table placed in the lid of the box which contains the instrument, 
or else from the following simple formula. 

Setting ^^-^--^^ 

in which x is the greater term, and y the lesser term of the ratio. Thus, 
for the ratio of 2 to 5 we have 

c, ... 200 X 2 

Settmg = -jzfj- = 57.1 

the whole number 57 being the division on the beam and arms, while the 
decimal o.i is set by their respective verniers. 

In some of the older instruments the figuring of the beam and arms 
commences at the sockets with zero and proceeds toward their ends up to 
100. We consider this method objectionable, as the setting does not of 
itself show the ratio to which the instrument has been adjusted, whereas 
with the method we have adopted it does ; thus in the example given, 

2:5:: 57.1 : 200 — 57.1 
that is 2:5:: 51. 1 : 142.9. 

The formula for the older style is 

100 (x—j^) 



Setting 



x-^y 



by which the setting for the ratio of 2 to 5 is 42.9, which bears no propor- 
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tion whatever to the total length of the beam and arms and to the given 
ratio. 

Minor details concerning the construction of the Eidograph are. 

I St. A round weight with a square hole in it for placing on the 
tracing arm, to balance it when the instrument is set for reductions to a 
large scale. 

2nd. A detachable caster or wheel support, which can be placed 
under the centre beam, as shown in Fig. i, when the scale of the drawing 
necessitates the fulcrum being considerably beyond the centre of the 
beam, thus reducing the friction on the fulcrum by balancing the beam 
and arms. Sometimes a large weight is placed upon the centre beam for 
the same purpose ; the caster support is however to be preferred. 

3rd. The pencil and tracing points are, as already stated, inter- 
changeable. As thus the lesser term of a ratio can always be set on the 
same arm, this arm is made but a little more than half the length of the 
other one, upon which the greater term of the ratio is set. 

4th. The pencil point may be raised from the surface of the paper, 
as in the pantograph, from the tracing point, by means of a lever and 
cord, when desired. 

As in the Pantograph, the Fulcrum, Pencil and Tracing points should 
all be in a straight line, when these various parts are correctly set. It is* 
however, necessary to examine from time to time the instrument to see if 
it is in perfect adjustment, as if the tension of one of the steel bands differs 
from that of the other band, the movement imparted to one arm will not 
be simultaneously transmitted to the other arm ; or, the bands may be so 
adjusted that the two arms are not perfectly parallel. To determine if 
any error exists, make the zero of the three verniers coincide with the 
looth division of the centre beam and arms, then make a mark on the 
drawing board with the pencil and tracing points, the centre beam and 
arms being maintained absolutely in the same position while each of these 
marks iS being made. Now turn the centre beam half way round and 
place the tracer over the pencil mark, then, if the pencil point coincides 
with the mark made by the tracing point, the instrument is in adjustment. 
If, however, they do not coincide, the amount of divergence must be noted, 
and half of this difference must be corrected by means of the adjusting 
screws on each of the bands. It will be seen that this is the method of 
adjustment by means of Reversion, to which we have lately devoted some 
space with special reference to Surveying Instruments. 

Very complex reductions or enlargements may be made with the 
Eidograph, precisely as with a fully divided Pantograph, and with the 
Universal Proportional Dividers. This method of division into equal 
parts is in fact the only rational mode of graduating such instruments. 
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Suppose for instance, we have a plan drawn to a metric scale of i 
millimetre = i metre, and that we wish to reproduce it to a scale of i 
square inch = i square chain : we reduce both these scales to ratios of a 
common denomination, thus 

i^/ja = I metre is equivalent, to i : looo. 

I square inch = i square chain is equivalent to a lineal scale of 

80 inches = i mile, which is the same as i : 792. The reproduction 
of our plan must therefore be made to the proportion of 792 : 1000. From 
the formula given, we have 

Setting = '°°><79^ ^88.4 

** 1000 + 792 

88 being determined by the graduations on the beam and arms, and 0.4 
by the verniers. 

We can also, if we wish, reproduce a drawing so that the area of the 
original and the copy may bear any desired proportion to each other; thus 
suppose for a special purpose we wish to reduce the area of a certain 
plane surface from 5 to 3. yet maintaining exactly the same form of out- 
line, we have 



Setting 



_ 200 X V3 _ 



87.3. 



so that the area of any surface reproduced with the beam and arriis set 
at 87.3 will be to the original as 3 is to 5. 

Other and similar uses of the Eidograph will readily present them- 
selves, and a little practice will suffice to convince even the most sceptical 
of the simplicity and advantage of this method of graduation. 



ADJUSTMENTS OF SUR VE YING INSTR UMENTS, III. 

We explained in our last issue the theory of the chief adjustments 
of a Level, and now proceed to the consideration of its telescope. 



4 



6 A I Id* 



Jh 
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In the above figure let 

^' ^M = Objective Tube, 

I, 2 = Objective Lens, 

^' ^w = Eye Piece Tube, 
4» 4 ^ 

3, 4 •= Eye Lens, 

5, 5 =r Screws for adjusting Ej^e Piece Tube, 

6, 6 = Screws for adjusting Cross Hairs {See Fig. i, page 86, Vol.1), 
7 = Intersection of the Cross Hairs. 

The letters refer to the same parts shown in the figure given in our 
last article. 

The telescope consists of a main tube, in and out of each end of 
which a secondarj^ tube slides. Lenses are fixed in these secondary tubes, 
from which they take their names of Objective Tube and Eye Piece Tube. 

It is essential in a good Telescope that the optical axis of each of 
these lenses shall coincide and form one unbroken straight line which 
shall coincide with the telescope axis, and that this line, in the case of a 
Level, be parallel to the axis of the level tube, that is -^ ^ and G H 
should be parallel to each other. 

It is further essential that the glasses of which these lenses are com- 
posed be perpendicular to their common optical axis, that is, Nos. 1-2, 
3-4, 3^-4^, etc., must all be perpendicular to the optical axis A B. This 
is a natural consequence of the first condition. 

In surveying it is necessary that the operator be able to direct the 
optical axis as well as the axis of revolution of his telescope with great 
precision upon a special point of the object he is viewing, or upon a cer- 
tain given graduation pf a staff held up at some distance before him. To 
enable him to do this, two fine hairs or wires are placed in the main tube 
of the telescope at a point which may be made to be by adjustment of the 
objective and eye-piece, the point of their common focus. These hairs 
are placed at right angles to each other and to the telescope axis, and 
their point of intersection No. 7, can be adjusted and brought by means 
of the four screws No. 6, to coincide with the optical axis, that is, the 
point No. 7 must be cut by the line A B. The imaginary line passing 
through the optical axes of the different lenses and through the point of 
intersection of these cross hairs is called the line of sight or the line of col- 
lifnation. We have therefore 

I St. The telescope axis of revolution, which should be a perfectly straight 
line passing through the centre of the telescope and of its collars, 
throughout its whole length. 

2nd. The optical axis, which should be coincident with the telescope 



Digitized byLjOOQlC 



January, i893 THE COMPASS. 87 

axis, to whatever extent the objective and eye-piece tubes may be 

drawn out or pushed in. 
.3rd. The line of sight or line of colHmation, passing through the intersec- 
tion of the cross hairs, and which should coincide with the two former. 

In a perfectly adjusted instrument these three lines will coincide with 
one another and all correspond to the line A B. 

It IS evident that should the objective tube not slide out perfectly 
parallel to the telescope main tube, the objective lens would not in all 
positions of its course be perpendicular either to the telescope axis or to 
the line of collimation, and consequently the rays of light proceeding from 
an object would not converge at the point of intersection of the cross 
hairs, that is the common focus of the objective and eye-piece, but on one 
side of it, and if the telescope is revolved in its wyes, the image formed by 
the objective will appear to move around the intersection of the cross 
hairs. 

In some makes of instruments, the sliding objective tube is adjustable 
at its inner end i^-2S but in the Levels and Transits which we have 
described in previous numbers of The Compass, the accuracy of this slid- 
ing motion is secured in the course of construction and requires no further 
attention on the part of the Engineer or Surveyor. This method oi con- 
struction possesses many advantages over the adjustable one. 

The eye-piece tube is adjustable by means of the screws 4-5, so that 
it may be centered, that is, its optical axis may be made to coincide with 
the telescope axis and with the point of intersection of the cross hairs. 

To insure the telescope axis of revolution being coincident with its 
optical axis in all positions of the telescope, it is necessary that the two 
collars encircling it, and which rest and revolve in the wyes, should be 
each absolutely of the same diameter and also be perfectly concentric with 
the line A B. 

To sum up — we may say that in a perfectly adjusted and correctly 
constructed Level, the various horizontal lines shown in our figures should 
.be parallel to one another, while all the vertical lines should be perfectly 
perpendicular to the former. That these conditions are carried out, 
•depends in many points upon the maker, while the Surveyor has to under- 
take the others himself, and that frequently. 

In our next we shall examine in detail those points which require the 
Surveyor's or Engineer's attention, and see how he is able to obtain the 
conditions necessary to the perfect adjustment of his instrument. 

( To be continued^ 
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K, ar* E, POCKET FOLDING RULES, 




Although a steel Tape in German Silver Case, with spring and 
stop, is undoubtedly the most convenient kind of measure for carrying in 
the pocket, yet it has its disadvantages, the chief being that both ends of 
the object to be measured require to be easily accessible, and the tape 
should, unless tightly stretched, be supported along its whole length, to 
prevent sag and consequent incorrect measurements. When such cannot 
be, then recourse must be had to some other kind of instrument. 
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The K. & E. Pocket Folding Rules with spring joints, of which 
we give a representation in Fig. i, overcome the above objections, and 
fill a long felt want. These Rules are made of wood, prepared by a 
peculiar process, so that shrinkage is entirely prevented. The wood is- 
cut into thin strips about 7 inches long, jointed every six inches, forming a 
Rule from 2 to 8 feet in length, the thickness of a 4 foot Rule being less 
than |th inches. As the divisions are made mechanically, they. may be 
fully relied on, and the wood being very thin, they can be brought close 
to the object to be measured ; the divisions over the joints are also per- 
fectly legible. When this Rule is fully opened out, it is held in a straight 
line by the spring joints so that it may be used for measuring vertically or 
horizontally to an otherwise inaccessible point, or to an object when the 
intervening space is not in the same plane. As stated, they are made in 
various lengths, and are marked on both sides in inches and sixteenths^ 
The 4 foot Rule is also made with metrical divisions on one side and 
inches on the other. 




Fig. 2. 

Figure 2 represents another form of this Pocket Rule which will also- 
be found very convenient. It is made without the spring joints, but very^ 
thin and flexible, so that curves as well as the circumferences of round 
objects, as small as 5 inches diameter, may be measured with it. This pat- 
tern in 4 feet can also be had with metrical measures on one side and 
inches on the other. 

The rule shown in Fig. i is also made without spring joints, the 
workmanship and the quality being in all respects the same. 

Not the least recommendation of the K. & E. Pocket Folding^ 
Rules is their moderate price, and this, combined with their accuracy and 
convenience, has brought them into great favor. 
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In our November issue we referred to a mechanical Computer, by 
means of which a variety of Pipe Problems can be almost instantly solved. 
This instrument, which has been pronounced by high authorities to be 
not only simple in construction but exceedingly efficient in use, is repre- 
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rsented in the above figure. It consists of a graduated dial with an inner 
revolving graduated disc, the whole mounted on a substantial board 12 
inches square, with brass centre swivel and locking nut. The scales on 
the Computer are graphic logarithmic ones, corresponding to the different 
terms of the formula, and their relative positions on the dial and disc are 
likewise determined by their positions in the formula. The formula 
adopted is the following original and simple one, 

L 
^=i^5^(4^^* + 5 ^^-2) ...Eq.l 

which gives almost the same results as those obtained by means of Weis- 
bach's well-known formula 

^ = (0.0.44 + °^°'7'^^ ^r Eq.2. 

^f V ) 5-367 D ^ 

The formula may be further simplified and expressed as follows, . 

^^Z>l^XC Eq3 

whilst by the graphic reduction of V X C into one term we have 

//=^^ Eq.4 

whence 

-^=A Eq.5 

in which 

H — Friction Head in feet, 

V = Actual Velocity of the water in feet per second, 

L = Length of Pipe in feet, 

D = Diameter of Pipe in inches. 

Equation 5 is the form adopted in this Computer, and the method of 
•effecting a calculation is exceedingly simple, all that is required being to 
«et the given length L on the disc opposite the given diameter D on the 
dial, when opposite the velocity V on the disc, is at once found the fric- 
tion head H on the dial. It will be evident that from this very simple 
arrangement of the terms of the problem, we can at once find a fourth 
1:erm when any three terms are known, so that if the head and length are 
given we can at once find a suitable diameter of pipe to discharge the 
water at a desired velocity, and then ascertain the consequent volume of 
discharge. 

To increase the usefulness of the Pipe Computer, scales have been 
added by means of which the Discharge in cubic feet per minute for any 
given diameter of pipe and velocity of flow may be at once ascertained, 
ihese scales answering to the formula 
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°Sef j;f Mrn""- } = Velocity X />• X 0.7854 X 



= Velocity X D* X 0.32725 



In this case the constant 0.32725 is eliminated by the position of the 
scales, so that three terms only remain. To bring these therefore into the: 
same form as equation 5, we have 

Discharge _ Diameter 
Velocity " i 

The term i is represented by an arrow on the dial, to which the dia~ 
meter is set by means of an arm having radial edges ; the discharge for 
Uie given diameter is then at once found opposite any desired velocity^ 
On this arm is also a small scale of percentages, with which 5 to 30 per 
cent, may be at once added on to the friction head. This scale will be 
foupd very useful when by reason of the condition of the pipes it is desired 
to make allowances for greater friction than would be the case for clean 
cast iron pipes. It will also be useful for those cases in which riveted 
pipes are used, where it is customary to add 20 per cent, to the friction, 
head. 

This Pipe Computer will be found particularly useful in those nume- 
rous cases in which the length of pipe and the head alone are known, and 
it is desired to find a suitable diameter of pipe and velocity of flow, to- 
obtain a given horsepower by means of a turbine or water wheel. 

One great merit of this Computer is that by its means comparisons of 
various combinations of head, diameters, etc., with their results, may be 
very quickly made, and the most appropriate selected, thus saving, what 
is in such cases, by the ordinary methods of computation, a laborious- 
undertaking. 

Examples. 

1. Given: — Pipe 12 inches in diameter, 4100 feet long, and 3 feet 

Velocity. 
Find, Friction Head, 

Set 12 in. Diameter .1 ^ Find 14 ft. F. Head 

, then ^ -— - — -. — 

over 4100 feet over 3 feet Velocity 

2. Given : — Pipe 10 inches diameter, and 13 feet Velocity. 
Find, Discharge per minute. 

Set 10 in. Diam. .t Find 425 cub, feet 
Opposite Arrow' over 13 ft. Velocity. 

3. Given : — Pipe 8 inches diameter, 900 feet long, and 30 feet head^ 
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Find, Velocity and Discharge. 

Set 8 in. Diam. . j^^^^ Under 30 feet head 
Over 900 feet ' . Find 8.4 ft. Velocity. 

Set 8 in Diam. .^^^ Find 175 cub, feet 
Opposite Arrow ' Over 8.4 ft. Velocit)^ 



TIf£ ''LEPHAY*' LUMINOUS COMPASS. 

A CONSIDERABLE amount of attention has been attracted by a new- 
form of luminous compass invented by Lieut. J. Lephay, of the French 
Navy. It consists essentially of an ordinary Thomson compass, and differs 
but little from the usual arrangement so far as its use in daylight is con- 
cerned. The card may, if desired, be illuminated at night in the usual 
manner, so that in the event of any failure of the Lephay apparatus the 
compass may be tised in the ordinary manner. By using a combination 
of lenses and mirrors, M. Lephay throws from the binnacle lamp a vertical 
line of light upon the interior side of the compass box, between the card 
and the glass. This line, which may be produced upon any desired point 
of the inside of the periphery, is, for the time being, a fixed line, and bears 
a known relation to the line of the ship's keel. From another combination 
of lenses and mirrors above the centre of the card, M. Lephay throws upon 
the interior side of the compass box a second ray of light, which, when the 
apparatus has been properly adjusted, moves round as the card moves. This 
line, beingof a different length, ;s easily distinguishable from the other one, 
and it may be temporarily set so as to bear any desired relation with any 
point on the card. In steering, all the helmsman has to do is so to use 
his wheel as to keep the two lines in one. The officer of the watch, 
instead of ordering a certain course to be steered, uses the ordinary illumi- 
nation of the card, and by its aid heads the ship exactly to the desired 
point. He then, by means of buttons fitted for the purpose, moves the 
lines of light so that, the ship being on her course, both are in one ; and 
having done this he shuts off the ordinary illumination and leaves the card 
in darkness. The steersman, from that time until the course may be 
altered, need only take care that he sees before him one line and not two. 
The officer can alter the course without again looking at the card, by 
turning a button to the extent desired, and the line, which is not subject to 
the motion of the card, appears in a new place. By means of the helm 
the other line is then made one with it, and the course is changed as 
desired. — TAe Mechanical World, 
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ADJUSTMENTS OF SURVEYING INSTRUMENTS. IV. 




Fig. I. 

We have shown that there are of necessity in the Level certain 
adjustments which require to be made by the engineer or surveyor him- 
self. These are, 

ist. The Line of CoUimation, 

2nd. The Level Bubble, and 3rd. The Wyes. 
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The adjustment of the Line of Collimation consists in making the in- 
tersection of the cross hairs coincide with the optical axis of the telescope. 

The adjustment 01 the Level Bubble consists in making the bubble 
axis G H parallel to the telescope axis of revolution A B^ and conse- 
quently to the line of collimation, so that the bubble may correctly show 
when the line ^ ^ is perfectly horizontal. 

The adjustment of the Wyes consists in making the bubble axis, and 
with it the telescope axis, perpendicular to the spindle or centre E F oi 
the instrument. 
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Fig. 2. 

When these three adjustments are eflfected, then the lines A B, C L> 
and G H will be parallel to one another, and also perpendicular to the 
line E Fz.^ shown in Fig. 2. 

To adjust the Line of CoUimation, first set up the Level firmly on its 
tripod, then bring the cross hairs into the focus of the eye-glass by means 
of the milled head at the eye-piece end of the telescope, so that they may 
be perfectly distinct and well defined. Now unlock and open the clips of 
the wyes, so that the telescope can turn round freely in its bearings. 
Direct the telescope upon some distant object, with clearly defined verti- 
cal or horizontal straight lines, and focus the objective so that the object 
may be clearly seen without parallax. Note that after the eye-piece has 
been adjusted as above stated, it should not again be touched, the remain- 
ing work of focussing being done by the objective alone. Now clamp the 
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centres, and by means of the tangent screw bring one of the cross hairs to 
coincide exactly with the vertical or horizontal line selected, then turn very 
carefully, without in any way disturbing the instrument, the telescope half 
way round in its wyes, when, if the same hair again coincides exactly with 
the line, this hair is in adjustment, and we then proceed to try the other 
hair in the same manner. If this hair coincides also in both positions, 
then the line of coUimation is in adjustment, and the intersection of the 
cross hairs will cover a given distant point throughout the whole revolution 
of the telescope in its wyes. 

If, however, when the telescope is turned half way round in its bear- 
ings, the cross hair does not in its reversed position coincide exactly with 
the line, but lies to one side of it, then this difference must be corrected, 
remembering that the method of reversion, just made use of, has made 
the error not only apparent, but has doubled it, so that half the error only 
must be corrected by means of the capstan-headed screws which hold the 
cross hair ring, taking note to make the adjustment with the two screws 
which are at right angles to the cross hair, and to move the ring in the 
direction which would seemingly increase the error. Proceed now in the 
same manner with the second cross hair, after which verify the whole by 
directing the intersection of the cross hairs upon a fixed distant point. If 
the intersection of the hairs does not cover this point throughout a com- 
plete revolution of the telescope in the wyes, it is probable that the ad- 
justment of the first cross hair has been disturbed by the adjustment of 
the second one, and it must consequently be again verified in the same 
manner as before. If it is however found to be correct, then the eye-piece 
tube is not perfectly centered, and must be brought to coincide with the 
line of coUimation by means of the four capstan-headed screws next the 
eye end of the telescope. 

It may not, perhaps, be out of place here to say a few words about 
focussing the telescope, as we have come across more than one case of 
persons proceeding in such a manner that they were *' sure there were no 
cross hairs in the telescope." 

The eye -piece must first be adjusted to bring its focus upon the cross 
hairs, the telescope being directed during the process towards the sky, or 
the objective being thrown entirely out of focus, so that no image may be 
seen other than that of the cross hairs, when the eye-piece is adjusted by 
moving it in or out by means of the milled-headed screw. These hairs 
then stand out clear and well defined against the light background. Now 
adjust the objective, moving it in or out, until the image of the object 
sighted is brought into proper focus, according to its distance from the 
observer. When the adjustment is correctly made, the image formed by 
the objective, and the eyepiece focus, will both be coincident with the 
plane of the cross hairs, and these will appear to be an integral part of 
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the image, both being clearly and distinctly defined, with the image inter- 
sected by the cross hairs. 

If, however, tlie objective is not correctly adjusted, so that the image 
does not coincide exactly with the cross hairs, then when the eye is moved 
a little from side to side, it will be noticed that the cross hairs are not an 
integral part of the image, as they will be seen to cover different portions 
of the image in accordance with the varying position of the eye. This 
seeming movement of the hairs is called Parallax, and when it exists, it ir- 
impossible to fix the intersection of the cross hairs upon a definite point, 
so that the accurate determination of a plane or an angle is then out of 
the question. When, therefore, parallax exists, it must be removed by 
refocussing the objective, so as to bring the image exactly into the plane 
of the cross hairs. If then the eye-piece has also been properly focussed^ 
parallax will not exist, but the image will appear bright and clear, inter- 
sected by the cross hairs, immovably covering the same portion of the 
image, whatever may be the position of the eye. 

The eye-piece is adjusted to suit the operator's eye sight, and should 
not for some time require altering, unless the instrument is used by another 
person, but the objective must be focussed for every object sighted, when 
the distance is not the same, as its focus varies in every case with the 
distance of the object. 

Care must be taken to correct any error of parallax before proceedh 
ing to adjust the line of coUimation as described. 



{To be continued.) 



BOTE'S SECTION-LINER AND SCALE-DIVIDER, 

In Volume I, page 189, we gave a full description of the above 
valuable instrument, and showed how it is specially adapted to section- 
lining and the making of scales of all kinds, with neatness, accuracy and 
ease. As the accuracy of the instrument in making scales is dependent 
upon the correct setting of the arm, a vernier is put on this when desired, 
by means of which readings may be made to 10 minutes, and by estima- 
tion to 5 minutes. This improvement, the extra cost of which is but small, 
will be appreciated by all who require an accurate and convenient 
Section-Liner. 
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THE METRIC SYSTEM. 

The following circular has been -sent out for publication by the 
New Decimal Association : — 

'* When in the month of June, 1891, a combined deputation from the 
New Decimal Association and the Associated Chambers of Commerce 
waited upon Mr. Goschen, he, in reply to their request that a Select 
Committee should be appointed to inquire into the need of reform, said 
that he would not oppose the appointment of such a committee, but that 
before any decided move on the part of the Government could be made, 
the popular voice must be heard expressing a desire for the proposed 
change. Since that date the New Decimal Association has been actively 
engaged in distributing information on the subject and in securing ex- 
tended support. The present Chancellor of the Exchequer and President 
of the Board of Trade have been in turn asked to hear the views of the 
leaders of this movement, and have promised to receive a deputation on 
the 25th January next. 

" When it is mentioned that it is expected that the Duke of West- 
minster and other Peers, the Agents-General for Victoria, the Cape of 
Good Hope, and Queensland, several Members of Parliament, and dele- 
gates from the principal Chambers of Commerce, and from the Trade 
Councils of Manchester, Sheffield, Glasgow, etc., have promised to take 
part in the proposed demonstration, it will be recognized that there is 
some reasonable evidence put forward that the subject is obtaining suffi- 
cient interest to warrant the demand of the New Decimal Association for 
the appointment of a Select Committee to inquire into the whole ques- 
tion. 

"This subject has lately received much attention in the United 
States of America and in the Colony of Victoria. On the 21st September 
last the Melbourne Legislative Assembly adopted a motion favoring a 
universal union for the introduction of the decimal system in money, 
weights and measures. In the same month the Trades Union Congress 
at Glasgow passed a resolution in favor of the adoption of the system, and 
directed its Parliamentary Committee to do their best to secure that re- 
sult. 

" When it is remembered that there are over four hundred millions 
of the globe's inhabitants using the metric system, it must be admitted 
that the New Decimal Association makes out a strong case for the need 
of reform in our complicated system of weights and measures, especially 
when it is remembered that, were England now to adopt the metric sys- 
tem, it is quite reasonable to believe that one universal system of weights 
and measures would rule throughout the entire globe. Not the least argu- 
ment in favor of reform in this direction is, that by making the proposed 
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change, the time at present expended in our schools in learning the almost 
endless tables of weights and measures and sums of compound arithmetic 
would be no longer necessary, and a saving of a period of time equal to 
one year's training would be effected. 

" It is much to be hoped that Sir William Harcourt and Mr. Mun- 
della will give all the assistance they can in support of the object of the 
movement, viz., the adoption at an early date of the metric system of 
weights and measures in the United Kingdom." 



COMPUTING AREAS, 
Editor Compass : — 

I send you a little modification of the usual method of computing 
areas from a boundary survey, which, although not new, has not, I think, 
been described in any of the text books, and may possibly interest some 
of your younger readers. 




Draw a diagram of the field to be computed. Unless the boundary 
is very irregular, an instrumental plot is unnecessary ; a diagram by eye 
is sufficient in most cases. 

Through the most Easterly and Westerly comers of the plot, draw 
meridians with dotted lines. Through the most Northerly and Southerly 
corners draw East and West lines to meet the meridians, thus inclosing 
the figure in a rectangle. From every corner not touched by this rect- 
angle draw iVand S and E and Klines to intersect the lines of the rect- 
angle ; the space included between the rectangle and the figure whose 
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area is desired will thus be divided into right angled triangles, and occa- 
sionally a rectangle. 

The bases and perpendiculars of these triangles, it will be seen, rep- 
resent the Latitudes and Departures of the different sides of the figure to 
be computed. 

These are computed in the usual way, and written upon the Hues which 
represent them. The addition of the numbers on opposite sides of the 
inclosing rectangle will show the error of closure, which is corrected in the 
usual way. The difference between the area of the inclosing rectangle 
and the sum of the areas of the triangles and rectangles included will of 
course give the area desired. 

This method thus dispenses with the use of double meridian distances ; 
the numbers to be manipulated are mostly smaller than when those dis- 
tances are employed, and the calculator sees before him continually the 
effect of every operation which he performs. 

The figure accompanying this is the same that is computed by double 
meridian distances on page 104 of the late revision of Davies' Surveying 
by Prof. Van Amringe. 

Suppose now that a certain area is to be parted off the South side of 
the figure, by an E. and W. line, and that it is probable that the division line 
will fall near the comer marked A, From A draw an E. and W. line to 
B, The length of this line is known, being the same as that of the in- 
closing rectangle. The distance of the point B from the corner C is 
readily found by the addition and subtraction of the Latitudes on opposite 
sides of the figure, and as the angle at C is known, the area of the small 
triangle cut off by ^ ^ can be computed. The areas of the other tri- 
angles and rectangle surrounding the South part of the figure are already 
on hand, having been obtained in the computation of the original figure, 
so that the area parted o^\>y A B is found with very little labor. The 
excess or deficiency between this line and the line of the required area is 
now in the form of a trapezoid which is computed in the usual way. 

If the dividing line is not to be parallel with the lines of the inclosing 
rectangle, the angle which it makes with them is of course known, so that 
the area of the triangle included between A B and a line starting from 
A and running in the required direction can be found, and from this new 
base the Trapezoid of excess or deficiency can be computed as before. 

This method can hardly be recommended to the entire exclusion ot 
the usual way, but in many cases it effects a considerable economy of 
labor. 

When a many sided figure is to be divided into several parts, this 
method is very advantageous. 

Very truly yours, R S . 
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COMPUTING THE CONTENTS OF RAILROAD AND 
OTHER CUTTINGS AND EMBANKMENTS. 

We HAVE RECEIVED the following communication : — 
"To the Editor of The Compass. 

'*I desire to call to your attention a method of making preliminary 
estimates, used by me, and so far as I know original. I find it quick and 
accurate ; the only theory is that similar triangles vary as square of their 
sides. Making a table of the areas of triangles for various slopes, all 
having a depth of i foot, and multiplying each by 3.71, 1 obtain a table of 
co-efficients of quantities for 100 feet. 

'' To the given level cutting or fill I mentally add the centre height of 
the grade prism, say on 18 feet roadbed and 7i slopes, 9 feet. 

"If the given cut is, say 7 feet, add 9 feet; new cut 16 feet. Set i 
of C on 16 of jO : read quantity on A above co-efficient on B, For each 
operation subtract 298.5 yards on 7i — 18 feet beds. 
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*' I can, of course modify the method to include quantities when the 
ground has two slopes, one on each side of centre." 

Yours truly, C. S. Y. 

In this connection the following method, which in its application to 
mechanical computation is certainly new, may be of interest. 




In the above figure let 

A B C= the natural surface of the ground, 

B H= the centre height of cutting or embankment, 
E F = the width of roadbed, 

a = the angle of the surface slope with the horizon, = A B A^, 
^ = the angle of the surface slope with the centre height, =ABIf, 
S = the angle of the surface slope with the side slope, = B A JD, 
y = the half apex angle = A D B. 

It is evident from the figure, 
ist, — m the case of a cuttings 

When the surface B A slopes down from the centre height, /? = 90° 
— or, and when the surface B C slopes up from the centre height, 

2nd, — in the case of an embankment^ 

When the surface slopes down from the centre height, /? = 90° + a, 
and when the surface slopes up from the centre height, /? = 90*^ — a ; 
whence the angle a is either plus or minusj and when the ground surface 
is level, then or = 0° and /? = 90°. 

The apex angle 2 y is easily ascertained for side slopes of i to i, i J 
to I, i^ to I, etc., being for i to i = 90^, whence ;^ = 45*^ 

I J to I = 102® 42' " ;/ = 51° 21' 
li to I = 112° z^' " y = 56° 19' 
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The angle 6 is therefore = 180^— (/? + y). 

By the method which we propose for computing contents, the only 
data required to be ascertained on the ground are, 

J3 I/, the centre height, and 

a, the angle of the surface slope with the horizon, 
the other angles being determined as shown from the side slopes. 

Now the area of the triangle 

^^^_£_Dj<j4^^nr Eq.x. 

2 

but A D = -. — ^ — '^ 

sm o 

therefore area of 

^^j,_BDlX^nP_>^^^ ^ 

2 sm o 

and the cubic contents for any length L feet in cubic yards. 

_ B n^ X sm (i X sin y X L 

2 sin d X 27 ^' ^* 

1 sin /^ X sin V , , ^, , , 

If we now take — : — 5 — - to be equal to A, then the contents of the 

54 sm o 

Triangular Prism 

ABD = BD^ XLxK Eq. 4. 

We have worked out from the above formula a table of values of K 
for different surface slopes, with /? varying from 90° to 45° and from 90° 
to 135°, and for side slopes of i, ij and i^ to i, but to make these tables 
more easily applicable, the corresponding a angles are designated instead 
of y^, being therefore from 0° to 45° minus, and from 0° to 45° plus, 
whence as stated, it is but required to know the centre height B D and 
the surface angle or, in order to obtain the contents of the Triangular 
Prism. We also obtam from another table the centre height H D oi the 
grade prism E F D iox different side slopes and widths of roadbed, by 
means of which and equation 4, the contents of the grade prism may be 
in like manner obtained, this amount being then deducted from the con- 
tents of the triangular prism A B D, 

Example,^ Let centre height B ^= 24.4 feet, Roadbed 12 feet, 
Side Slopes i^ to i, Length of Section 100 feet, a — = — 12°, a + = 
-[-15^, ZrZ> = 4 feet, then we have 



* Taken from Computation frotn Diagram of Railway Earthwork by A. M.Welling- 
ton, C. E. 
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K =i 0.0465 for -}- 15° and 
^=10.02107 " — 12° 
whence cubic contents of Prism BCD 

= 28.4 X 28.4 X 0.0465 X 100 = 3750 
and of Prism A B D 

= 28.4 X 28.4 X 0.02107 X 100 = 1700 



total contents 5450 
less contents of grade prism 89 



leaves 5361 cubic yards as the 
contents of the section A C F E A. 

To further simplify, the labor, the writer has designed and copyrighted 
a *Trism Contents Computer," consisting of a graduated dial with an 
inner revolving graduated disc, the scales of which correspond to the four 
factors of equation 4. The method of procedure is thus exceedingly 
simple, being as follows: — Set the centre height B D on the disc to coin- 
cide with the surface slope angle a on the dial, then will be at once found 
the contents in cubic yards on the dial, coinciding with the length of the 
prism on the disc. 

If the centre height and the angle a are different at each end of the 
prism, take half the sum of each, and proceed as shown. 

This method of computation may also be employed when the field 
notes are kept in the usual way, giving centre height, distance out from 
the centre to each slope-stake, and height of the slope- stakes above or be- 
low grade ; thus, the difference between the centre height and the height 
of slope stake above or below grade, divided by the distance of the slope- 
stake from the centre, gives the tangent of the angle of the surface slope 
= a — or a -f-. 

Example. Let in the figure 



then 



and 



JfZr=l8ft. r.rr_^,r, N H = ^(^ it. 

AM= 9 ft. ^^—15 It- Ci\^=27ft. 

BH—A'M 15 -- 9 ^ Qo ' 

= -2 £ = 0.333 = tan 18° 2q 

MH 18 ^^^ ^ 



CN— B B _ 2T — IS __ 



NH 36 



= ^'IIZ = tan 18^ 25 



The cubic contents may now be computed as described, either by^ 
equation 4 or by the "Prism Contents Computer,*' or if preferred, the 
contents may be obtained direct from the field notes with the Computer 
by means of special scales provided to solve the equation commonly em- 
ployed, namely 
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As already stated, however, this method involves more labor in the 
iield, and in its results is not more accurate than the other ; the only ad- 
vantage is pwhaps, that when the ground slope is uniform from A to C, 
the contents of the triangle A C D may be obtained by one operation, 
instead of two, as is necessary when the contents are obtained by means 
of the surface angle a. 

To render the table of values of K more complete, the tangent of 
the different surface slope angles is given in a separate column, so that re- 
course need not be had to any other tables. 

It is not, of course, intended that this device should supersede the 
more accurate mode of computation by means of the prismoidal formula ; 
it will, however, especially if the Computer be used, be found a very 
great saver of labor when making preliminary estimates, while the results 
are accurate enough for such purpose. 



ENGINEERING AND SURVEYING INSTRUMENTS. VL 

Clinometers. 




Fig. I. 

The Clinometer shown in Fig. i, which we have already described 
in these columns, may also be used for obtaining the vertical height of an 
object when its distance is known, or the distance when the vertical height 
is known. The method of procedure is as follows : — 

Place the instrument on some surface which is ascertained by means 
of the lower bubble to be level, then raise the upper leg until the object, 
whose distance or height is sought, is intersected by the cross hairs of one 
of the sights, the object being viewed through the pinhole of the other 
sight, then read off on the quadrant the angle subtended by the object. 
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When the object is above the level of the eye, the pinhole sight next to- 
the joint must be used, thus giving an angle of elevation, but when the 
object is below the level of the eye, the other pinhole sight must be used, 
the reading being then an angle of depression. 

Thus, if the angle read off on the quadrant be 11°, and the distance 
of the object be known to be 2500 feet, the height, as obtained from the 
Table of Slopes given in the last number of The Compass would be 

£9ddL>i2S£?_ 486 feet 

above the level of the eye. 

Again, if the object be known to be 3800 feet high, the distance 
would be 

^ = 3.7 miles. 
1027 

For an object partly above and partly below the level of the eye, 
two observations must be made, when the sum of the two perpendiculars 
will be the vertical height. To ascertain, however, the distance in such a 
case, we must proceed otherwise. Thus, let the angle of elevation be 
40°, the angle of depression 20°, and the vertical height 1000 feet, re- 
quired the distance. From the Table of Slopes, 

for 20° — vertical height = 36.39 for distance 100, 
"40^— '' " =83.90** " 100; 

we have, therefore, by addition 120.29 feet vertical height for a distance 
of 100 feet. Now by simple proportion =8^1.^ feet =^ 

^ r r r- 12O.29 

the distance for a vertical height of 1000 feet. 

The small dimensions of this instrument preclude its use in cases 
where a considerable degree of accuracy is required. When such is a 
sine qua non, some other should be employed, either of the following ones- 
being suitable and reliable, the choice being guided by individual prefer- 
ences or by the nature of the work in hand. 

Figure 2 consists of a square brass frame with 4 inch sides, to one 
comer of which is pivoted an arm, having a fine bubble attached to it. 
The other end of the arm is provided with a vernier reading into 4 quad- 
rant divided to half-degrees, the vernier enabling angles ot 3 minutes to- 
be noted. The bubble is adjustable on the arm, while a set screw on the 
under edge of the arm allows of the vernier being at once set to zero of 
the quadrant. The instrument being square, the horizontality or vertical- 
ity of any object may be ascertained. The hght weight of this Clinome- 
ter, combined with its substantial construction, is an advantage which 
will be at once recognized. 
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Fig. 2. 

Figure 3 resembles the above in many respects, the chief difference 
being that it consists of a sohd triangular plate with ledges attached to 
the two sides forming the right angle, thus giving it a broader surface to 
rest upon or against the object whose inclination is sought. The arc is 
also divided to half- degrees from zero to 50®, reading by means of the 
vernier on the end of the arm to 3 minutes. The vernier can be clamped 
in any desired position by means of the milled-headed screw on the under 
side of the plate, by which the bubble is moved to correspond to the slope 
angle. The bubble tube is also graduated, so that very slight differences 
of elevation or depression may be noted. The two bearing sides are each 
4^ inches long. 




Fig. 3. 

The^^instruments shown in Figs. 2 and 3 are designed to serve as 
Clinometers only. There are, however, a number of combination instru- 
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ments which can also be used for ascertaining slope angles, such as Com- 
passes, Prismatic Compasses, Alt- Azimuths, etc., but by reason of their 
dimensions and special forms of construction, they are not as reliable or 
as closely divided as the Clinometers shown above. These models will 
be described hereafter. 



THE SECTOR. L 




Before proceeding to describe the Sector it will not be inappro- 
priate to say a few words about its inventor. 

Edmund Gunter, whose name is so well known to the Surveyor, was 
born in Hertfordshire in 1581 of Welsh parents. His early education 
was acquired at the ancient Westminster school, as a Queen's foundation 
scholar, from which he was elected to an exhibition at Oxford, where he 
went in 1599 as a student of Christ Church. He graduated in due course 
bachelor and master of arts, then took holy orders and began to preach 
in 16 1 4, and at the close of 16 15 took the degree of bachelor of divinity. 
In his youth he had shown a great taste for mathematics, and at this time 
he allowed his early inclinations, which he had continued to foster, to in- 
fluence his future course of life. He was appointed in 1619 to be Profes- 
sor of Astronomy in Gresham College, which post he held to his death, 
which occurred December 10, 1626. 

To Gunter's genius are due many inventions which have had an im- 
portant influence upon the progress of mathematical science, amongst 
them being the well known Gunter's Chain, consistmg of 100 links, the 
chief merit of which lies in the fact that 10 square chains make an acre ; 
Guntefs Scale, which was the first attempt to make use of graphic loga- 
rithmic and other scales for the purpose of computation, and which was 
the origin of the now well known Slide Rule ; the Sector, invented about 
the year 1606, which is a combination of nearly every scale required for 
geometrical and trigonometrical computations. It is generally believed 
that Gunter was also the discoverer of the ^variations of the declination of 
the magnetic needle. He it also was who introduced the terms cosine, 
-cotangent, etc., to designate the sine, the tangent, etc., of the comple- 
ment of an angle. 
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The Sector represented above, by means of which a great number of 
problems in arithmetic, geometry, trigonometry and navigation may be 
solved, consists generally of a folding boxwood or ivory foot rule, both 
sides of which are covered with various scales or lines, some being parallel 
with the edges of the rule, while the others radiate from the centre of the 
joint. 

The parallel scales are single lines, that is, a line or scale on one leg 
is complete by itself, while the Sectoral or radiating scales are double linesy 
being in pairs, one line being on one leg and a similarly graduated line on 
the other leg, the two being used together for the purposes of computation. 

The following are the different scales usually found on the Sector : 

Sectoral Lines, (Radial.) 
On one side, 

1. Lines of lines, (equal parts) marked Z. 

2. Lines of natural chords, " C, 

3. Lines of natural secants, " -5". 

4. Lines of Polygons, " Pol. 

On the other side. 

5. Lines of natural sines, marked S. 

6. Lines of natural tangents, 0° to 45° ** T, 

7. Lines" " " 45° to 75^ '* T. 

Parallel Lines. (Single Scales.) 
On one side, 

8. Scale of 1 2 inches, subdivided to tenths of an inch. 

9. Scale of I foot, divided in 10 x 10=1 00 equal parts, called 

the decimal scale, on the outer edges of the rule. 

On the other side. 

10. Line of logarithmic numbers, marked iV. 

11. Line of logarithmic sines, '* S. 

12. Line of logarithmic tangents, *' T. 

The principles of the Sector depend upon the proposition which we 
have already had occasion to state, namely. 

When two sides of a triangle are proportional to the two sides of an- 
other triangle, each to each, and their included angles are equal, then the 
third side of the one bears the same proportion to the third side of the other. 

To fully understand, however, the application of this principle, it is 
necessary that we first examine the different scales or lines which are 
found upon the Sector, and ascertain how they are set out. 

( To be continued.) 
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ADJUSTMENTS OF SURVEYING INSTRUMENTS. V. 

The next adjustment to be taken in hand is that of the Level 
Bubble, by which the telescope axis A B, and consequently the line of 
collimation, are made parallel to the level tube axis G H, To effect this, 
set up the instrument as before, bring the telescope over either pair of 
opposite leveling screws, clamp it and focus it upon some object at an 
average distance, say 250 to 300 feet, so that the racking out of the ob- 
ject glass may tend to distribute the weight more equally on each side of 
the centre. After unlocking and opening the clips of the wyes, bring the 
bubble into the centre of its run (or zero) by means of the two leveling 
screws under the level bar, then very carefully take the telescope out of 
the wyes, reverse it end for end and replace it in the wyes, then note if 
the bubble returns to its former position of zero. If it does not it shows 
that the level tube and the telescope axes are not parallel to each other. 
Half of the deviation shown by the bubble must be corrected by means 
of the leveling screws under the level bar, and the other half by means of 
the two clamping nuts at the eye-piece end of the level tube, by which its 
vertical position under the telescope is adjusted, as seen in Fig. i. To 
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do this, the upper nut ^should be loosened first, and then the lower one 
raised or lowered according as the direction of the movement of the 
bubble from zero may indicate to be necessary, then secure the level tube 
by following up the top nut. In this connection it may be well to remark 
that as the bubble invariably runs to the higher level, when it moves 
towards the eye-piece end of the telescope, the bottom adjusting nut 
should be lowered, and vice versa. Having made the correction^ reverse 
the telescope again to see if the bubble remains stationary. 




Fig. I. 

This adjustmentof the level tube is called the horizontal adjustment, 
but another one, called the lateral adjustment also requires examining. 
It may happen that the telescope and level tube axes are not in the same 
vertical plane, or are not in parallel vertical planes, one end of the tube be- 
ing laterally out of adjustment. To test this, turn the telescope gently in 
the wyes, so as to bring the level tube outwards to one side or the other 
of the level bar ; if the bubble remains stationary, then this adjustment is 
in order. If the bubble should move toward one end of the tube, then 
this deviation must be corrected by means of the two side screws at the 
objective end of the level tube by which its horizontal position under the 
telescope is adjusted. When this is done, in order to make assurance 
doubly sure, examine again the horizontal adjustment of the level tube, as 
explained in the first paragraph. 

We now proceed to the adjustment of the wyes, to ascertain if the 
level tube axis and the line of collimation are perpendicular to the centre 
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or vertical axis of revolution of the instrument, that is ^ ^ and G H^iXQ 
parallel to C I> and perpendicular to K F^ so that when the telescope is 
leveled and turned round on its axis, the bubble will maintain a perfectly 
stationary position. 

As in the last adjustment, bring the level bar over either pair of op- 
posite leveling screws, and having locked the telescope in the wyes, pro- 
ceed to bring the bubble to the centre of its run by means of the two 
leveling screws under the level bar. Now turn the telescope carefully 
halfway round on its axis, so that the level bar may be again over the 
same pair of leveling screws, but in a Reversed position, and note if the 
bubble maintains exactly its central position. If it does, the level bar and 
the telescope axis are parallel, and perpendicular to the axis of revolution 
of the instrument. If, however, the bubble should run to one end of the 
tube, half the deviation must be corrected by means of the 
two leveling screws under the level bar and half by means 
of the two nuts by which the wyes are secured to the level 
bar, as shown in Fig. 3. When this is accomplished, place 
the telescope over the other pair of leveling screws and pro- 
ceed as just described, afterwards repeating the 9peration 
over the first pair of screws. 

When all these adjustments have been carefully and 
accurately made, the engineer or surveyor may be assured 
that if he has a well made and reliable Level, its centre 
or axis of revolution is vertical, and the line of sight is 
horizontal, however much the telescope may be revolved 




Fig. 2. 
in azimuth. 



PRECISION OF MEASUREMENTS.'' 

An experimental result whose reliability is unknown is nearly 
worthless. The grade of accuracy of a measurement must be adapted to 
the purpose for which the result is desired. The necessary accuracy must 
be secured with the least possible expenditure of labor. 

These statements apply no less to the roughest than to the most 
elaborate work which the engineer is called upon to perform ; they are no 
more true of refined scientific research than of everyday engineering and 
industrial practice. . . . 

The thoughtful student recognizes early in his experimental work the 
importance of certain questions which never leave the mind of the ex- 



* Extracts from Discussion of the Precision of Measurements, by Silas W. Holman 
S. B., Associate Professor of Physics, Massachusetts Institute of Technology. 
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perienced observer, namely — What accuracy is desired in the result ? 
What accuracy is therefore necessary in each of the various component 
measurements from which the result is calculated ? How reliable is the 
final result when obtained? The more complicated and indirect the 
measurement, the more difficult it becomes to answer these queries by 
mere inspection, and hence the greater the necessity for some systematic 
and rational procedure for reaching the answer . . . 

All quantitative work of course involves measurements. These may 
be separated into two classes, viz., direct and indirect Direct measure- 
ments are those made by methods and instruments whose indications 
give directly the quantity sought ; e. g. measurements of distance by a 
scale, of weights (or masses) by an equal- arm balance, etc 

Indirect Measurements are those in which the quantity measured 
is not given directly by observation or readings taken, but must be cal- 
culated from them. Thus in an mdirect measurement the quantity sought 
is a function of one or more quantities which are directly measured and 
which may be called the component quantities . 

All processes of measurement are, of course, fallible. None can give 
absolute accuracy, that is, none can be wholly free from error. The 
questions with which we have to deal then are only such as relate to the 
amount or character of the errors occurring, and to their sufficient elimi- 
nation for the purpose in hand. 

Inspection of the methods, instruments, and results of any direct 
measurements will show that the method has some discoverable sources of 
error, that the instruments likewise contain certain inherent sources of 
error, and finally that however carefully the effects* of the discoverable 
sources are removed, some undiscovered or uncorrected sources still re- 
main, since successive equally careful repetitions of the same measure- 
ments yield numerical results which are more or less discordant in the last 
one or two places of significant figures. 

The existence of this discordance just referred to proves that the 
errors from the various sources are not constant, at least that some of 
them are not, — a fact which we know to be true tor some of the discover- 
able sources. And the general rule for the variation doubtless is that 
under given conditions the error from any given source has a certain 
average magnitude about which it varies more or less, being sometimes 
greater, sometimes smaller than that amount. It is therefore reasonable, 
and will be found convenient, to regard the error from any source as made 
up of two portions, a constant part, viz., its average value, and a variable 
part. Of course either of these may be wanting in any given instance .... 

Take as an illustration so simple a measurement as that of the dis- 
tance between two points by means of a steel tape. 
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There are easily discoverable such sources of error as these : 
(i) Error in numbering of tape ; 

(2) Irregular spacing of divisions ; 

(3) Incorrect unit, i. e. foot not standard length; 

(4) Bends in tape ; 

(5) Sag of tape; 

(6) Stretch of tape ; 

(7) Error of setting zero of tape at starting point ; 

(8) Error of estimation of fraction of division at finishing point ; 

(9) Temperature not that for which the tape was graduated. 
Besides these sources there are doubtless many others of greater or 

lesser effect, some of which might possibly be discovered by further study, 
but many of which are at present obscure. 

Successive measurements of the same distance, especially if this be 
long and if the fraction of an inch to which readings are taken be small, 
will show discordances of greater or lesser magnitude. 

Errors 5, 6, 7, 8, 9 would vary in amount from time to time and be- 
tween different readings, and would, therefore, have variable parts. Each 
would tend to make the single results sometimes larger, at other times 
smaller, and by irregular amounts. Thus in the average result of a series 
of observations the variable parts of the error from any single source would 
in part annul itself. Also in any single observation the sum of the nega- 
tive variable parts of the errors from all sources would offset in part the 
sum of the positive variable parts more or less completely, but seldom 
wholly. 

The errors i, 2, 3 and 4 would be constant for any given distance ; 
also, 5 and 6 will clearly be liable to have some constant portion, as also 
would 9 under some circumstances. These together will make up the 
constant error. Some will be of one sign, some of the other, so that they 
will in part neutralize, but cannot be expected to wholly do so. The 
separate constant portions are the same in all single observations. Hence 
the constant error will be the same in each single reading and in the mean 
result .... 

It is of the utmost importance that we should be able to form some 
estimate of the accuracy or of the error of the result, whether that result 
be a single observation, a mean of a series by one method, or the mean of 
results by a large number of methods, and that this estimate should be 
expressed numerically, so far as possible. How such an estimate is 
arrived at, will be here indicated, and just what the measure is will be more 
explicitly stated in a later paragraph. 
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A UNIVERSAL SCALE. 

We have received from Mr. J. Ernest G. Yalden a Universal Scale, 
which he says was the outcome of a search for a simple universal scale for 
the construction of verniers. 

It is based on the sector principle, but instead of one sector it has 
thirty, placed side by side, so that any number of divisions of any length, 
above ^ of an inch, up to thirty may be laid down directly on a slip of 
paper, without moving the slip. 

The scale consists of a triangle printed on a card, having a base of 6 
inches and an altitude of 6 inches. The base is divided into 30 equal 
parts, these parts being connected with the apex of the triangle by radial 
lines. A series of lines parallel to the base are drawn through the triangle, 
to enable one to hold parallel to the base, the paper on which the divi- 
sions are to be taken. 

Some of these parallel lines are marked at their extremities 5, 6, 8, 
etc., these being lines of scales on which there are 5, 6, 8, etc., parts to 
the inch respectively, but any other such line of arbitrary parts to the inch 
may be found and ruled on the card. 

The method of appl3ring this scale to the dividing of a line of unknown 
length into any number of equal parts, is as follows : 

Mark on the edge of a strip of paper the length of the line as taken 
from the drawing. Let us suppose it is to be divided into 1 2 parts. Fit 
it between the o and 1 2 radial lines on the scale by sliding it up and down 
till it fits, keeping the edge of the paper parallel to the base of the tri- 
angle. Mark the twelve parts, and then apply this to the drawing, using ' 
it as a scale. 

This, the designer of the scale maintains, is far more accurate than 
the usual method of drawing parallels from points on a line drawn through 
one end of the given line ; it also takes far less time and does not deface 
the drawing. The draughtsman can construct in like manner a scale to fit 
any case, and which may be used in the same manner as an ordinary scale. 



The German Round Writing is the quickest ornamental writing, 
and is worth the trouble of learning. 

The cheapest and best drawing pins are those with the point 
stamped out of a metal disc. 

Even if liquid Indian ink be not always used, it should be available 
in every drawing office. 

In selecting drawing instruments, only the best should be chosen. 
(From ** Hints to Yoimg Draughtsmen" in The Mechanical World.) 
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NEW BOOKS. 

Discussion of the Precision of Measurements, with Examples 
taken mainly from Physics and Electrical Engineering. By Silas W. 
Holman, S.B., Associate Professor of Physics, Massachusetts Institute of 
Technology. John Wiley & Sons, New York, 1892. 8vo. cloth, 176 
pages. Price $2.00. 

The author in his preface says that the material presented in this 
volume is the outcome of several years' teaching of the subject, and that 
in a less complete form it was prepared for lecture notes, but that in this 
revised form he conceived that it might be of sufficient interest and value 
to merit publication. 

The study of this work, if even the opportunity for applying directly 
the methods of investigation set forth should not present itself, cannot fail 
to be productive of valuable and beneficial results. We refer our reader 
to the extracts from the work which we give on another page, for further 
insight into the author's method of treating his subject. 



We stated in a former number of The Compass that Keuffel & 
Esser Co , its publishers, had laid the foundation stones of a large and 
commodious building to replace the one in which they for so many years, 
carried on their business. This step became necessary by reason of the 
increasing necessities of their growing business, and also that they might 
be in a position to maintain their reputation as the best equipped and 
promptest house in the trade. Possession of the new building, erected on 
the site occupied by their old one, was taken on the 2 2d February, and 
the labor of having everything taut and snug will soon be over. 

The show rooms are spacious and well lighted, and permit of their 
large and carefully assorted supply of Drawing and Engineering Instru- 
ments and Materials being quickly and thorougly inspected, thus saving 
the purchaser's valuable time. They are also, by reason of the better ac- 
commodation, able to hold a larger stock than formerly, and are conse- 
quently in a position to continue to meet at once the increasing demands 
made upon it. 

Several other improvements for exhibiting and handling goods have 
been adopted, which they will at all times be pleased to show to their 
friends and clients. 

The Editor of The Compass will also be glad to receive in his new 
quarters any of our numerous subscribers who may chance to be in this 
city, and can make it convenient to give him a passing call. 
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THE SECTOR, IL 




The TRIGONOMETRICAL scalcs found on the Sector are, as stated in 
our last, the scales of Sines, Tangents, Secants and Chords. The method 
of constructing them will be readily understood from the diagram. Fig. 2. 

I. Let -^ Cbe the radius of any circle, and with C as centre and 
radius A Q describe the quadrant arc A D B^ the angle at C being con- 
sequently a right angle. Divide the arc A D B into 9 equal parts, each 
part being then subdivided into tenths (these as well as other subdivisions 
are omitted in the diagram on account of the limited space). The arc 
A D B represents a scale of 90 degrees. 
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2. Join A B and with centre A describe a series of short arcs be- 
tween the chord A B and the arc A D B, thus transferring to A B the 
chords of 10% 20^, 30°, etc. These divisions onAB will now represent 
a scale of chords to radius A C =^ chord of 60°. 



5iK99 




Fig. 2. 

3. From the different divisions of the zxc A D B draw perpendicu- 
lar lines to C B, and number the points of intersection from 0° at C to 
90® at B, when we have a scale of sines to radius A C, 

4. Prolong the hne C B indefinitely to *S', and draw the line A T 
parallel to C S, From C as centre draw radial lines through the several 
divisions of the 3xc A £> B until they meet the line A T^ and number the 
points of intersection from o® at A to 70° near 7'(the limits of our dia- 
gram not allowing of their being carried further) ; we then have on A T2i 
scale of tangents^ also to radius A C, 

5. With centre C describe a series of short arcs between A 7" and 
B S, commencing with the division 10^ on A T, and proceeding to 70°. 
The points of intersection of these arcs with B S should be numbered from 
0° at ^ to 70° near S, when we have a scale of secants to radius A C 

6. To complete the scales, divide the radius A C into 10 equal 
parts, each one of these being then further subdivided into 10 o\}n^x equal 
parts, making 100 in all. 

Such are the various trigonometrical scales found on the Sector. A 
glance at the diagram will make them clear. In the triangle C a £>, let 
C JD =^ radius =100 by the scale of Equal Parts C A, and the angle 
DC a=^ 30° ; then D a= C b =■ sine 30®. Now take a pair of Com- 
passes and with one leg on centre C, take in C b, then with the same 
centre, transfer this distance to the scale of Equal Parts, when the other 
leg will fall upon the division answering to 50, which is the Sine of 30® 
to radius 100. The Cosine of 30® to the same radius is 2? ^ = C a =^ 
86.6, while the Tangent is A c, and the Secant C c, the lengths of which 
may also be taken off the scale of Equal Parts. 
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These scales, as shown in the diagram, may be applied to several 
uses, but as on the Sector they are all double ones, their usefulness is con- 
siderably increased, the measurements not being confined to the fixed 
scale of equal parts. 

The solution of the various computations to which the Sector is ap- 
plicable, is eflfected by means of a pair of ordinary dividers, although the 
most suitable for the purpose are those known as Hairspring Dividers, 
as the points may be set to take in a given measurement with greater ease 
and precision. 

A Fig. 3 will make the principles of the use of the Sec- 
tor clear. We will suppose that O is the centre of the 
joint, and that O A and O B are the sectoral lines of 
lines, divided into 100 equal parts. We will also sup- 
pose that the legs of the instrument have been opened 
out until the distance from -4 to ^ is equal to 50 parts 
of the line of lines. Now from the properties of similar 
triangles 
O A: A B : : O c : c d. 

A B 

Fig. 3. Let d be at the 60th division of the line of lines, then we 

have 

100 : 50 : : 60 : 30 = ^ // 

also 50 : 100 : : 30 : 60 = O d 

In the above figure, the distances or measurements O d and O B are 
called lateral (or side) distances, while the distances A B and c d are 
called transverse (or cross) distances. Measurements are taken in the 
former case from the centre of the joint, and in the case of transverse dis- 
tances from that line of the scales which is nearest to the inner edge of 
each leg, as this is in the case of every scale, the radial line proceeding 
from the centre of the instrument. 

We will now give a few examples of the methods of using the Sector. 

I. To find t?u fourth term of a proportional^ as 8 : 14 : : 36 : or. 

With the dividers take in 8 parts on one of the lateral scales, or lines 
of lines ; then set one of the points of the dividers upon 14 of the same 
lateral scale, and open out the two legs of the Sector until the other point 
of the dividers reaches to 14 of the other lateral scale. Now open the 
dividers to take in 36 parts from one of the lateral scales, and make this a 
transverse distance from one lateral scale to the other, when the points 
of the dividers will be found to reach from 63 of one scale of lines to 63 
of the other scale of lines ; this is therefore the fourth term sought. 

If the first term of the proportion is greater than the second, it will 
be better to make the first term a lateral distance^ that is to measure it 
from the centre upon one of the lateral scales, and make the second or 
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lesser term a transverse distance^ that is, measure it across from one lateral 
scale to the other. The third term will also be a lateral distance, while 
the fourth term will be a transverse distance. 

2. To divide a given straight line into a number of equal parts ^ as 7. 

Take between the points of the dividers the length of the given line, 
and open out the Sector legs until this distance becomes a transverse dis- 
tance from 70 to 70. The' transverse distances 10 to 10, 20 to 20, etc., 
from one lateral scale to the other, will then be the divisions required. 



LIGHT: ITS REFLECTION AND REFRACTION, VL 

The Box Sextant. 




Fig. I. 

We have already explained m detail the principles upon which are 
based the construction and use of the Sextant. We proceed, therefore, 
at once to describe the Pocket or Box Sextant, an instrument which the 
Engineer and Surveyor will find of great use, and which would become 
more popular if it were more widely known. 

The Box Sextant, shown open and ready for use in Fig. i, consists 
of a metal cylindrical box, which, when closed, is but 3 inches diameter 
and i^ inches deep. When the instrument is being used, the cap or 
cover is screwed to the under side, as shown, thus serving as a handle, no 
other support or stand being required. The telescope is inserted through 
the side of the box, and screwed into the inner framework, but when not 
required is placed in a special compartment provided for the purpose in 
the leather case in which the- instrument is packed when not in use. 

The figure, as stated, shows the Box Sextant ready for use, the chief 
parts being 
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Fig. 2. 

The Index Giass^ seen to the left of the side opening, answering to 
A in Fig. 2. This glass is pivoted, and to its axis is attached 

The Index Arm {A C, Fig. 2) at the end of which is a vernier, 30 
divisions of which correspond with 29 divisions of the graduated arc (Z 
C\ Fig. 2). 

The Graduated Arc^ which is of silver, has a radius of i J| inches and 
is divided to half degrees from o" to 140", and with the vernier conse- 
quently reads to single minutes. It will be understood that from the 
principles previously stated, the arc itself only subtends an angle of 70*, 
but as according to the law of double reflection stated on page 20, the 
angle formed by the incident and the reflected rays is equal to twice the 
angle formed by the mirrors, the divisions of the arc are numbered to cor- 
respond with the angle subtended by the two objects being sighted. 

The Index Glass (and with it the Index Arm) is turned by means of 
a rack and pinion, which are actuated by the large milled head seen to 
the right on the face of the instrument. Just below this milled head can 
be seen in the side opening 

The Horizon Glass, (B, Fig. 2) which is fixed to the inner frame- 
work, but is adjustable by means of three screws, (not seen in the figure,) 
so that it may be set parallel to the Index Glass, when the index is at 
zero, and also perpendicular to the plane of the instrument, which, by 
construction coincides with the plane of the graduated arc, and is per- 
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pendicular to the axis of the Index Glass. These screws are adjusted by 
means of a small key with a milled head, shown in the figure to the left of 
the index arm, and which for security, is screwed into the face of the in- 
strument when not required. 

The upper half only of the horizon glass is silvered, so that an object 
may be seen by direct vision through the lower half, while the reflected 
image of another object seen in the upper half is brought into coincidence 
with it by means of the milled head which revolves the index glass. 

A Reading Lens^ which turns with the index arm, is seen to the left, 
and allows of the fine graduations of the arc and vernier being easily read. 

The heads of two small levers protrude slightly beyond the side of the 
box, just behind the telescope; these serve to interpose two colored 
glasses between the two mirrors, which are used when looking at the sun 
or other bright object, and are lowered into the cover held in the hand 
when not required. Another colored glass screws on the eye-piece end of 
the telescope, and is used for the same purpose. 

When objects close to are being sighted, the telescope may be found 
unnecessary ; in such case it is replaced by a peep hole sight in a sliding 
plate, which is passed over the circular hole into which the telescope is 
screwed, by means of a small stud, shown in the figure to the right of the 
telescope. 

From this description and from the figure it will be seen that the Box 
Sextant is a very compact instrument, and that the parts most liable to 
derangement are inclosed in the box and are thus protected from injury. 
The Box Sextant will, therefore, when once well adjusted, retain its adjust- 
ments for months, and even years, without more than the usual care re- 
quired by all instruments of this class. This property, coupled with the 
fineness of the readings, and its extreme portabihty, makes it an instru- 
ment of especial value to the Engineer. It must, however, never be for- 
gotten that the angles measured by the Box Sextant (as well as the Sex- 
tant) are the angles subtended by two objects in their common plane, and 
are neither horizontal nor vertical angles unless the plane uniting the ob- 
jects themselves should be a vertical or a horizontal one. With practice 
however, the Engineer or Surveyor will find means whereby the angles 
observed may be reduced to a horizontal or vertical plane, circumstances 
of position of the objects, or others, helping much the accomplishment of 
this necessary purpose. 

As also previously stated, the fact should not not be lost sight of that 
the angle measured is the one having its vertex at E, Fig. 2, and that the 
position of E will vary with the inclination of the two mirrors, that is, with 
the distance from each other and from the observer of the two objects, 
being behind the observer for very small angles, and very close to, or 
within the instrument itself, for large angles. 
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Fig. I. 

3. To measure an angle B A C^ Fig. 2. 

This may be done in several different ways, each of which we shall 
describe. 

First : — With the lines of chords. Take the dividers, and with A as 
centre, lay oflf on each leg by means of the arc Z> 6^ an equal con- 
venient distance A D and A E^ then open out the Sector until this same 
distance becomes a transverse distance from 60 to 60 on the lines of 
chordsi Now take in the dividers the chord of the angle from point to 
point just laid off on the sides, /. e. D E, and apply this distance trans- 
versally to the lines of chords on the Sector, when the reading on each 
leg will be the number of degrees in the angle sought for. 
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Q^^ Second: — With the lines of sines. Lay 

off a convenient distance on A B from A, 
say A Dy and from JD draw D F perpen- 
dicular to and intersecting A Cm F. Now 
Q with the dividers make A D z, transverse 
- distance from 90 of one line of sines to 90 of 
the other line of sines, then take in the di- 
viders the perpendicular D F and apply it 
transversally to the lines of sines on the Sector, when the coinciding points 
on each leg will be the number of degrees in the angle B AC. 

Third : — With the lines of tangents. Lay off a convenient distance 
oxi A C from A^ say A F^ and erect upon A C the perpendicular D F, 
Now with the dividers make A Fa transverse distance between 45 of each 
line of tangents on the sector, then take in the dividers the length JD F 
and apply it transversally to the lines of tangents until similar points on each 
line are found which take in between them exactly this distance Z> F; the 
readings of these points will be the number of degrees in the angle jBA C. 

In these examples it must be distinctly borne in mind that a trans- 
verse distance means a distance from a given number on one leg to the 
same number on the other leg. All transverse distances will therefore be 
Hnes parallel to D E. 

From a slight examination of the sector it will be seen that for angles 
greater than about 70^, some indirect method of measuring an angle must 
be followed. In this, as in other cases, where the simple measurement of the 
angle is required, irrespective of any of its trigonometrical functions, the 
lines of chords will be found to be the most suitable to use, as the differ- 
ences between successive degrees are much more uniform than is the case 
with either the sines or the tangents of the angles. If, therefore, we wish 
to measure an angle of what we should suppose to be about 150°, we 
should consider the simplest method would be with the lines of chords, to 
continue one side of the angle beyond the point of intersection, and then 
to measure the small angle thus laid down and deduct it from 180°, which 
would then give the value of the larger angle. If we wished to measure 
an angle of say about 100°, we should first strike a convenient arc inter- 
secting the sides of the angle and measure off 60° with the same dia- 
meter upon this arc; then measure in the manner described the re- 
maining angle, which, added to 60° will give the total angle. 

To measure very small angles, say less than 5° or 10°, proceed as 
above, and deduct the value of the larger from 60°, when the remainder 
will be the number of degrees in the smaller angle. 

Fourth : — To protract an Angle. Let it be required to protract an 
angle of 25° upon A C Take in the dividers any convenient length, say 
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A E, and describe with A as centre the arc D G^ then make this same 
length a transverse distance between 60 and 60 of the lines of chords. 
Now take in the dividers the transverse distance between 25 and 25, and 
with E as centre describe a small arc cutting D G in Z>, and join A Z>, 
then the angle DAE will be the required angle of 25°. By similar 
methods, and noting the directions already given for measuring angles, any 
required angle may also be protracted by means of the scales of sines and 
tangents. In those cases where it is required to know the sine or the tan- 
gent of an angle, the lines of these functions will be used instead of the lines 
of chords ; thus, let -4 Z> to a convenient scale = 150, and let it be required 
to obtain the sine of an angle at A of 25*^ to radius 150. Make A D sl 
transverse distance between 90 and 90 of the lines of sines, then take in 
the dividers the transverse distance 25, and with this as radius and Z> as 
centre, describe the small arc a b^ and draw A F^ and D F perpendicular 
to A F', then will the angle JD A F= 25°, and JD F will be the sine of 
the same to radius A Z>, while A FvfiW be the sine of A D F= 6^° to 
the same radius. On measuring JD F, it will be found = 63 -f , while sine 
25° X" 150 = 63.4. 

Ft//A : — To construct a regular polygon. This is of course the same 
as dividing the circumference of a circle into a given number of equal 
parts. As the radius of a circle and the side of an inscribed regular hexa- 
gon are equal, the legs of the Sector must be opened out until the radius 
of the circle becomes a transverse distance between 6 and 6 of the lines 
of polygons ; then take in the 'dividers the transverse distance correspond- 
ing to the number of sides the required polygon is to have, and with this 
opening prick off on the circumference of the circle the given number of 
equal parts ; join these points by straight lines, and the polygon is com- 
plete. 

If it should be required to construct, say a heptagon, upon a given 
straight line, first take in the dividers the length of the line and make it a 
transverse distance between 7 and 7 of the Unes of polygons, then take in 
the dividers the transverse distance 6 to 6, and with this as radius describe 
a circle whose circumference shall touch each end of the given straight 
line, then with the dividers transfer the length of the straight line round 
the circumference when it will be found to have been divided into 7 equal 
parts. 

Regular polygons may also be constructed by means of the lines of 
chords, by dividing 360*^ by the required number of sides, then finding the 
chord of the centre angle to a given radius, and pricking off this chord 
round the circumference of a circle, des.cribed with the given radius. 
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ADJUSTMENTS OF SURVEYING INSTRUMENTS. VL 

The Transit. 

;R 




We now come to the adjustments of the Engineer's Transit. Let 
Fig I be a linear diagram showing the axes and the planes of its principal 
parts, some of which are adjusted by the maker as a necessary detail of 
construction, while the others require attending to by the operator him- 
self. 

In the figure the following parts are shown, viz: — 

A^ = Telescope Optical Axis and Line of Sight or Line of Colli- 
mation ; 

a = Centre of Axis of revolution of the telescope ; 
C D = Telescope Level Tube, with 

d = Centre of Bubble in the centre of its run ; 
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c c^ d ^ Vertical Limb or Arc, with 
d == Vernier for reading same ; 

E F = Top of Vernier Plate, with 
^, /= Bubble Tubes on the Top Plate and one on pair of Stand- 
ards ; 

GH= Horizontal Limb ; 

J K=^ Upper Leveling Plate or Patent Leveling Arms ; 
M N^= Tripod Plate, with 

L L = Leveling Screws ; 

6^/"= Tripod Head; 

g h =^ Spindle or Inner Centre ; 
^ / = Compass Needle ; 

R S=^ Vertical Axis passing through the centre of the Spindle and 
the axis of revolution of the Telescope a. 

In the case of the Transit, as of the Level, the basis of all adjust- 
ments and operations is the imaginary vertical line R S^ which is to be 
brought into coincidence with the earth's radius upon which the operator 
is located. As the Transit is used for measuring both horizontal and ver- 
tical angles, and these latter even when subtended by objects in different 
horizontal planes, by referring the vertical angle to the horizon, it is evi- 
dent that the adjustments of the Transit will differ from those of the 
Level. The Transit may be said, therefore, to be composed of the fol- 
lowing main parts, to which all others are subservient, viz : — 

A vertical axis forming one continuous straight line (in part real and 
in part imaginary) from R to S, 

A horizontal graduated limb G H^ capable of circular motion around 
R S, 

A revoluble telescope, whose optical axis and line of coUimation coin- 
cide, and are shown by A B, 

A vertical graduated limb c c^ d, attached to the telescope axis of 
revolution, and revolving with it. 

If we now suppose that R S \s perfectly vertical, it is necessary in a 
well made and perfectly adjusted Transit that the following conditions 
should exist. 

The horizontal limb G H must be perpendicular to R S^ however it 
be revolved upon R S, It may be as well to state here that in this con- 
nection we mentally include the top plate £ F with the horizontal limb, 
as it is also capable of circular motion around R S^ and as the telescope 
standards rest upon it, it becomes an indispensable part of the vertical 
R S. The horizontality o{ G If is determined by the level bubbles e 
and/ 

The telescope axis of revolution must be perfectly perpendicular to 
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jR Sy parallel to G ZTand E F, and perpendicular to the optical axis and 
line of collimation ; further, when A B is horizontal, as shown by the 
bubble d being in the centre of its run, then A B should be perpendicular 
to R S^ however much the telescope, with the standard and the top plate 
(clamped to the horizontal limb or not) be turned round upon R S^oxm 
azimuth^ as it is termed. If these conditions exist, then, when the tele- 
scope is revolved upon its horizontal axis, or in altitude^ the line of colli- 
mation will at all times be in the planes R S and A B. 

The vertical limb c c^ d\s attached to the telescope axis, and should 
be perpendicular to it, and the vernier d so adjusted that when the line of 
collimation is horizontal, as indicated by the bubble b (the axis C D oi 
this bubble tube being parallel to the line of collimation) the zero of the 
vertical limb and the zero of the vernier shall coincide. By this means 
vertical angles of elevation or depression may be at once read off on the 
vertical limb. 

Some of these essential conditions are necessarily carried out by the 
maker during the process ot construction, while others require to be 
effected by the Engineer, more or less frequently, facilities of adjustment 
of certain parts being always provided. As in the case of the Level, we 
also rely for the Transit mainly upon the level tubes and the principle of 
reversion to ascertain the horizontality and verticality of the different 
parts, although as in the latter instrument the telescope is not reversible, 
but its axis of revolution is fixed in the standard, we are obliged to have 
recourse to a somewhat different mode of operation, which will be fully 
described in future articles. What conditions are, however, essential to 
correct work, will, we think, have been already made sufficiently clear. 



THE BUBBLE, THE VERNIER AND THE TELESCOPE. 

We are led, in consequence of certain circumstances which have 
lately come under our notice, to state as briefly as possible what we con- 
ceive to be the correct view of the relationship which should exist between 
the above parts of surveying instruments. 

We stated in a former number, (Vol. I. p. 106) when describing the 
Transit, that the sensitiveness of the spirit level should be in proportion 
to the accuracy and care bestowed upon the construction of the instru- 
ment, to the magnifying power of the telescope, and to the fineness of the 
graduations of the limb (read by the vernier). 

There should always be a correlation between these parts, as will be 
evident if we consider the following points. 

I. If the telescope of a Transit is turned very slightly upon its ver- 
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tical axis by means of the tangent screw of the top plate, and if such dif- 
ference of position is perceptible by reason of the altered position of the 
cross hairs, in relation to the object sighted, the graduations of the limb 
and vernier should be such that it is possible at least to estimate, if not 
actually to read by means of the vernier, the amount of this displacement. 
Should on the other hand, the slight movement given to the telescope not 
be rendered perceptible by means of the cross hairs, then a finely divided 
limb and vernier are worse than useless ; hence, tlie magnifying power of 
the telescope and the least count of the vernier should be mutually pro- 
portionate. 

2. Suppose, having set up a Level and carefully adjusted it by 
means of the leveling screws, and that, while taking an observation we 
disturb it, by accidentally touching one of the tripod legs, and that this 
disturbance, although very slight, is perceptible, owing to the visibly 
altered position of the cross hairs on the rod, but that we find on exami- 
nation of the bubble no evidences of a change of level in the instrument : 
— of what use, we ask, is an instrument with such a level tube ? Clearly 
its sensitiveness is not proportionate to its magnifying power. And yet 
we sometimes hear of demands for a telescope with high magnifying power 
and a bubble that settles quickly. It must be evident that in such a case 
the telescope may be 1 or 2 minutes out of the horizontal without the 
surveyor being aware of the fact, and this may mean an error of 2 or 3 
feet in a mile. On the other hand, if the sensitiveness of the level is 
greater than the magnifying power of the telescope, waste of time and need 
of considerable patience will be natural consequences; but a delicate 
bubble, which registers very slight variations of level, will undoubtedly 
give closer actual results than a sluggish bubble which indicates a level 
which is not a true one. The same remarks apply equally to the plate 
levels and to the telescope level of a Transit. 

To sum up : — The Bubble^ the Vernier and the Telescope should be cor- 
related^ and also be proportionate to tJie work to be done ; if however there 
is any disproportion^ it should be carefully seen that it is on the part of the 
bubble^ as the results obtained cannot at least be in any way vitiated by this 
circumstance. 

The above remarks are based on the assumption that the workman- 
ship and care bestowed upon the construction of the instruments are all 
that could be desired, otherwise no reliance could be placed upon the re- 
sults obtained, however well proportioned the main parts here referred to 
may be. 
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We mentioned in our last that KeufFel & Esser Co., the publishers 
of The Compass had taken possession of their new premises. We pre- 
sent to our readers in this number a front view (Fulton Street) of the 
building in which The Compass now has its home, and which, it is allowed 
by all who have seen it, reflects great credit upon the architects, Messrs. 
Delemos & Cordes, of this city, both as regards its external beauties and 
its intemararrangements. 

The area covered being ii8 feet by 25 feet, and the building eight 
stories high, our readers will be enabled to form some idea of the re- 
quirements of their growing business and of the facilities they have been 
compelled to provide themselves with to enable them to meet these re- 
quirements. 

We may be allowed to state in conclusion that the success attained 
in the past is the result of an honest desire to serve every client well and 
promptly, and that this policy will continue to guide the firm in all its 
future transactions. 
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ON THE USE OF LONG STEEL TAPES IN MEAS- 
URING A BASE LINE. 

Report of U. S. C. and G. Survey. 

At the Rochester Meeting of the American Association for the 
Advancement of Science, Mr. R. S. Woodward of Washington, D. C, 
described a method of standardizing steel tapes by means of an iced bar 
comparator. The iced bar employed in the comparator consists of a bar 
of steel, on which are lines five metres apart, at a temperature of 32 de- 
grees Fahr. To preserve the bar at this temperature it is surrounded by 
ice. The whole is mounted on a carriage that travels on a small railway. 
In measuring off the length of the comparator, which in most cases was 
100 metres, the cross hairs of two microscopes were first made to coincide 
with the lines on the bar. The bar was then moved forward, and the 
mark on the end nearest the starting point placed under one of the set 
microscopes. A third microscope was then set over the end away from 
the starting point. The microscopes were mounted on wooden posts. At 
the ends of the comparator two stones are solidly embedded in the earth. 
In each of these stones a rounded brass projection is imbedded, to mark 
the ends of the comparator. To place the microscopes directly over 
these end points a special device containing a level is used. Having ob- 
tained the proper setting of two microscopes that are the length of the 
comparator apart, the tape is held under them in a way that was found to 
be the most convenient and rehable in field work. Stakes are set ten 
metres apart along the line to be measured, and in the side of these round 
steel wire nails are driven. The tape is supported on these nails. The 
corrections necessary to apply, if the posts are set at a greater distance, 
as in crossing a stream, can be easily computed from data furnished by 
preliminary experiments. The tension of the tape was made the same, 
about 25 pounds in all measurements, by means of a spring balance at one 
of its ends, a breaking piece being inserted, so that by no means could the 
operators overstrain the tape. Temperature observations were made in 
each case, three special thermometers being used with blackened bulbs, 
so that the surface had approximately the same radiating power as the 
tape. 

It was proved by the comparator that, with ordinarily careful hand- 
ling, there was no variation in length of the 100 metre tapes after long 
use. To test the efficiency of the steel tapes when used in the field, a 
Kilometre was measured by means of the iced bar, and this Kilometre 
used as a standard. It was found that the probable error of a single 
measurement of this Kilometre by means of the steel tapes was about one 
part in 500,000, and that the probable error of the average of a number 
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of observations was about one part in 1,500,000. So that the general 
conclusion arrived at is, that for measuring base lines, steel tapes, as 
standardized by the iced bar comparator, will give ample accuracy. The 
time required to make duplicate measures of the Kilometre with the tapes 
is about one hour, and in special cases it was measured in one direction 
in twenty minutes. The method of measuring the standard Kilometre 
by means of the iced bar apparatus, and probable error of the total length, 
was given in another section of the society, but as it is of interest in con- 
nection with the present paper, the following table is here given, which 
compares the probable errors involved, with the results obtained by pre- 
vious workers in the same line : — 

Probable Error in Measuring a Kilometre. 

Best work of Lake Survey ± 0.40°"/^ 

Recent work of French on Paris and Perpignan base 4- 0.67™/^ 
Best work of iced bar : 

ist. On comparator + o.io^/m 

2d. On Kilometre ± 0.12°"/^ 

This table shows that the error in the work done with the iced bar is 
about one-quarter that of any other method previously adopted. 

The greatest source of error was found to be the difficulty of deter- 
mining the temperature of the tape correctly. It is generally supposed 
that a cloudy day is preferable for measuring with steel tapes, but the ex- 
periments indicated that such was not the case. The best time was found 
to be in the evening, while dew was being deposited. — American 

Machinist 

♦ »» 

ON CALCULATING QUANTITIES. 
Communicated by Chas. S. Young, Bog Walk, Jamaica. 

The following notes on the use of the Slide Rule for the purpose 
of calculating quantities on estimates and balancing cuts and fills on pro- 
files may be useful to some of your readers. 

In the last few numbers of The Compass the equivalent angular 
readings for slope ratios have been given, i. e. J to i = 7*^ 08'. J to i = 
14^ 02'; ^to I = 26^ 34'; I to I = 45''; 4^0 I = 56"" 19'- 




Digitized byLjOOQlC 



I40 



THE COMPASS. 



April, 1893. 



Let A JD C and B D C he such angles, A B or a b being the 
natural slope of the ground, and let D C bisect the angle A D B^ and be 
equal to i foot. 

By varying the slope of A B, we may calculate the areas of the dif- 
ferent triangles by the formula 

Area = '' X smJDC A X Sin A £> C 
2 X sin DA C 



and tabulate the results thus : 



Table I. 



Angle. 






20 ■< 

«■: 

35 t 



40 



45 



50 



{ 



55 •) 
60 ( 



^to I 






o.o66> 
0.060) 

o.o66> 
0.060) 



0.126 



0.126 






0.127 



0.072) 
o.o55> 

oolll 0.128 
0.054) 

°-°7H 0.129 

o 080) ^ ^^, 
0.051; °-'3i 



^to I 



O.I2S> 
0.125; ^-250 



O.I28> 
O.I23) 



0.251 






0.146) 
0.109) 



0.255 



o°:;il} 0-58 



0.159) 

0.104) 



0.263 



^:3-67 



096; 



0.273 



0.194) ^ ^Q, 
0.0^2; ^-^^ 

o. 220) 

0.087; °-^°^ 



i to I 



^:S ° 50. 

°-^74l 0.S04 
0.230) "-J"* 

o:^S°-5" 

o-?^^}°-547 
°o:?So.S7. 

o:S°-^^° 

o.S}°"^ 



I to I 






0.606) 
0.425; 

0682) 
o.395> 

0.788) 
0.367) 

0.937 1 
0.342) 

i.i83t ,, 
0.316) 



1.031 



1.077 



155 



.279 



499 






I J to I 

0.750) ^ 

°-^^^i T C27 
0.663; ^-527 

1.662) 
0.487} ^--^^ 

^•5^°l 2.952 
0.442; ^^ 

5-^3°^ 6.033 
0.403; •^•> 



The volume of a prism 100 feet long, whose cross section is composed 
of the two triangles ADC and B D Q would be the sum of the areas 
of the respective triangles X 100 -r- 27, and may be also tabulated as 
follows : — 
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Table II. 



. Angle. 


itoi 


i to I 


' ^to I 


I to I 


ij to I 





0.46 


0.93 


1.85 


371 


5. 56 


5 


0.46 


0.93 


1.86 


3-73 


5.65 


10 


0.46 


0.93 


1.87 


382 


5.97 


15 


0.46 


093 


1.89 


4.00 


6.62 


20 


0.46 


0.94 


1.93 


4.28 


7.97 


25 


0.46 


0.94 


1.97 


4.82 


10.92 


30 


i 0.47 


0-95 


2.02 


5.56 


22.33 


35 


0.47 


0.96 


2.12 


7.27 




40 


0.47 


0.97 


2.25 


12.56 




45 


0.47 


0.99 


2.48 






50 


0.47 


1. 01 


2.88 






55 


048 


1.06 








60 


0.49 

1 


1.14 









If we now make A B horizontal, and a given length, say the usual 
widths of road beds as e f we may calculate the corresponding heights of 
D hy and also the volume of grade prisms D ef^ 100 feet long, having 
those end areas, and tabulate the results thus : 



Table III. 



Width 1 


itoi 


ito I 


^to I 


I to I 


lito I 


Road- 1 
bed</ 












Dh 


Vol. 


Dh 


Vol. 


Dh 


Vol. 


Dh 


Vol. 


D h 


Vol. 


12 ft. 


48.0 


1066.7 


24.0 


533-3 


120 


266.7 


6.0 


133.3 


4.0 


88.7 


14 " 


56.0 


1451.8 


28.0 


7259 


14.0 


362.9 


70 


181. 5 


4 7 


121.8 


16 " 


64.0 


1896.3 


32.0 


948.2 


16.0 


474.1 


8.0 


237.0 


S3 


157.0 


18 " 


72.0 


2400 


36.0 


1200.0 


180 


600.0 


9.0 


300.0 


6.0 


200.0 


20 " 


80.0 


2963.0 


40.0 


1481.5 


20.0 


740.8 


lO.O 


370.4 


6.7 


248.2 



The application of these tables to practical use is briefly as follows* 
being based on the proposition that the areas of similar triangles are to 
each other as the squares of their homologous sides, thus. 

Area A D B: area A' D' B' = {D Cf i (D' C) « 

Example. Let A efB represent the cross section of a fill, in which 
Roadbed <?/= 18 ft ; Side Slopes ^ i^ to i ; Fill or centre height h C 
= 7 ft ; Slope of ground = 15°, — required the cubic yards in 100 feet 
length. 

We have from Table III, Depth of fill 7 ft. + height Z> >5 6 ft. = 13 
feet, then by Table II, under Slope i^ to i and opposite 15°, 13 x 13 X 



Digitized byLjOOQlC 



142 THE COMPASS. April, 1893. 

6.62 = 1119 cubic yards = contents of triangular prism A D B. Now 
from Table III we see that the contents of the grade prism D ef= 200 
cubic yards, therefore, contents of the prism A efB =1119 — 200 = 
919 cubic yards. 

The working out of this on the Slide Rule is exceedingly simple, thus 



A 1 


Find 1119 c. yds. 


?| 


Over 6.62 (from Table 11). 
Set I 


D 1 


-Over 7 + 6 = 13 



then 1 1 19 — 200 (Table III) = 919 cub. yards. 

The few figures required from Table III are easily memorized, and 
the addition of the fill and the grade prism centre height performed men- 
tally. 

I find that my best results come from using readings every 50 feet 
and halving the final results, counting the number of operations and 
making only one subtraction for the grade prism. 

I have given Table I for the benefit of those cases where it is thought 
to be better to use three level sections, to construct a table of coefficients 
similar to those in Table II. 

As to the results obtained by this method, I once estimated twelve 
miles of heavy ragged work by it, and on cross-sectioning found the results 
to be within a few per cent. I will also undertake with readings of 50 feet 
to do eight miles a day on the slide rule, whereas three miles with tables 
is considered good work. 



LIGHT: ITS REFLECTION AND REFRACTION. VI L 

The Box Sextant. 

We stated in our description of the Box Sextant that the Horizon 
Glass is fixed to the inner framework of the box, but is adjustable by 
means of three screws. 

A plane passing through the axis of the Index Glass is the basis of 
the construction and of the adjustments of the Sextant, while another 
plane, perpendicular to this axis, is called \\\t plane of the instrument^ and 
is, or should be, coincident with its upper face and with the graduated 
arc, the index glass being then perpendicular to both. This important 
point is supposed to be always attended to by the maker. Assuming such 
to have been the case, we in the first place examine the horizon glass to 
see if it is also perpendicular to the plane of the instrument, and secondly 
to determine if there be any index error, that is, we must ascertain if, 
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when the vernier zero, or the index as it is called, is set to zero of the arc, 
the direct and reflected images of a distant object coincide perfectly. 
The adjustment of the horizon glass is effected by means of the two square 
headed screws upon the face of the instrument just behind the large 
milled head by which the index glass is turned upon its axis, while the in- 
dex error is corrected by means of a similar screw in the side of the box 
below the two screws in the face. 




To ascertain if the horizon glass is perpendicular to the plane of the 
instrument, take the sextant in the left hand, and after setting the index 
to zero, hold it vertically and look at some clear well defined perpen- 
dicular hne, and if, as the index is moved gently to the right and to the 
left of zero of the arc, the direct and the reflected images seem to form 
one single and unbroken straight line, then the instrument is in adjust- 
ment. Now hold .the instrument horizontally, and set the index to make 
the direct and reflected images of a well defined perpendicular line coin- 
cide, then move the sextant gently up and down so as to take in the line 
from the top to the bottom, and if it appears perfectly straight and does not 
present a wavy or undulating appearance, the glasses are in adjustment. 
Should either of these methods reveal any irregularity in the lines, then 
the horizon glass must be adjusted by means of the key provided for the 
purpose, and screwed into the face of the instrument when not in use, un- 
til the conditions stated are fulfilled. Should it be found impossible to 
obtain satisfactory results by means of the second test, it is then very 
probable that the index glass is not perpendicular to the plane of the in- 
strument, which defect can only be remedied by the maker. 

It will be seen that the arc is graduated for a few degrees to the left 
of zero ; these extra divisions are what are called the arc of excess^ and 
serve to ascertain the index error in the most reliable manner. The 
method generally adopted is as follows : — 

Hold the instrument vertically in the right hand and sight directly the 
lower limb of the sun, then with the left hand turn the large milled head 
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until the reflected image of the sun's upper limb coincides with his lower 
one, and take note of the exact reading. Now sight directly the upper 
limb of the sun and with the left turn the index until the reflected image 
of the sun's lower limb coincides with his upper limb, and again note care- 
fully the reading. In the first case this reading will be on the arc of the 
instrument to the right of zero, and in the second case on the arc of ex- 
cess to the left of zero. If these two readings are the same, the index is 
in adjustment, but if they differ, then half their diff'erence represents the 
correction to be applied to all observations, the correction being added, 
when the reading on the arc of excess is the greater, and subtracted when 
the reading on the arc of the instrument is the greater ; thus, if 
the reading on the arc of the instrument be 28' 
and " " " excess be 36' 

Difference = 8' 
and the constant or index error is 4 minutes which must be added to 
every reading. The measurement of the sun's apparent diameter is half 
the sum of the two readings. Having discovered the error it is advisable 
to remove it by means of the key and square headed screw already re- 
ferred to. It is not essential that these readings be taken with the sun, 
as this method can be followed with any other object (at least half a mile 
distant) such as a house with clearly defined vertical sides. It is needless 
to say that when measuring the sun's apparent [diameter, the colored 
glasses should be used, both between the two mirrors and on the tele- 
scope. 

A rapid means of adjustment of the index is to bring both zeros into 
coincidence, and then by means of the key and the screw in the side of 
the box adjust the horizon glass so that the direct and the reflected 
images of a distant perpendicular line coincide. 

The Sextant is sometimes provided with a Prismatic Compass, the 
needle box being sunk in its face. The combination is so arranged that 
the free and independent use of each instrument is not interfered with, 
while the sight enables azimuthal angles of objects not in the same hori- 
zontal plane, to be very much more easily obtained. 

As the vernier of the Sextant reads to single minutes, it is evident 
that it must prove a most useful instrument for the Surveyor or Engineer, 
especially as with care and practice, results approximating even those of 
the transit may be obtained. 
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THE HELIOGRAPH, 

Some interesting experiments were made a short time ago to place 
the cities of New York and Brooklyn in communication with each other by 
means of the Hehogragh. Captain E. B. Ives, signal officer of the First 
Brigade of the National Guard of this State, and Corporals Butler and 
Fones and Private Samson of the Signal Corps, stationed themselves upon 
the top of the Western Union Building, in New York, while a squad from 
the Second Brigade occupied the top of the Franklin Trust Building in 
Brooklyn. 

These experiments were so satisfactory that Captain Ives will apply 
for permission to erect a permanent station on the We^stern Union 
Building, while other stations will be arranged for in Brooklyn, El Dorado, 
Staten Island and on the Orange Mountains. 

As the Heliograph in its simpler form, (then called a Heliotrope) is 
often used in geodetic surveying, a description of the instruments used in 
the above experiments will probably interest some of our readers ; we shall 
therefore devote an article in our next number to their consideration. 



Digitized by VjOOQiC 



146 



THE COMPASS. 



May, 1893. 



THE DUPLEX SLIDE RULE. 

Patented October 6th, 1891. 



^•^ 



-\ f f--r-H-?-f j 



T~rr 



Df 



1 I illllir 



s 



7» •»' V! 



^m= 



ID 



Front or Upper Face. 






t-^-.^..^■?.-u 



I I I 



I^ 



d=^ 



Tl 



1=1= 



U 



l==i 



±iM 



"i r-r-t-r 



iB.I.- \ 



Back or Under Face. 

Many FORMULiE in Practical Mathematics, Mechanical and Civil 
Engineering take the form of 

a X b X c = X. 

The solution of this formula can only be obtained with the ordinary or 
Mannheim Slide Rule by means of three operations, thus 

C II Set I I Runner to b | i to Runner j Under c 



To a I 



I Find X 



To do away with this really needless labor, we have designed the 
" Duplex " Slide Rule, of which the above figures represent the upper 
and under, or front and back faces. This new Slide Rule is similar to an 
ordinary Mannheim, the difference being that the slide itself is of the same 
thickness as the rule, and has consequently its two faces flush with those 
of the rule. Both sides of the slide are graduated, the graduations of the 
rule, that is, scales A and D being alike on both faces^ while the scales 
B and C of the slide are graduated on the upper face in the usual way, 
like A and D, but on the under face in reversed order, the initial indices 
being on the right hand, and the scales progressing towards the left. 
These reversed lines of graduations are equivalent to inverting the slide 
itself, but possess many advantages which will be at once apparent. The 
right and left indices of the four different scales on the reversed or under 
face of the rule coincide with those of the scales on the ordinary or upper 
face, and a metallic runner, encircling the whole rule, enables coinciding 
points on any scale of either face to be at once found. 
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Without mentioning all the advantages obtained by means of this 
new construction, we may state that the inverted scales B and C lie along- 
side of their corresponding scales A and D, so that settings and readings 
are as easily effected and noted as with the slide in its ordinary position. 
Those in the habit of using the slide rule and knowing the special uses of 
the inverted slide, will certainly appreciate this improvement, and will at 
once see the many and important advantages to be obtanied from this new 
arrangement. We shall, however, to enable the merits of the " Duplex " 
to be more easily appreciated, give a few practical examples, which for 
this purpose will be better than any long explanation. 

1. To find the Area of a Circle^ on scales C and D, 

Formula is, Area = d X d X 0.7854 

which we demonstrate thus : 

C I. II Set d II C. II Under d 
D II To 0.7854 II D II Find Area. 

Here there is one single operation performed to obtain the product 
of three factors. We set on the under face the diameter of the circle on 
C. I. to the constant 0.7854 on D, then turning the rule over, we at once, 
without any further operations, find on the upper face the area on D under 
the diameter on C. 

The cube of a number is obtained on scales C and D in the same 
manner. 

2. Diameters and Revolutions of Wheels. 
We have in all cases of wheels 

Diameter Driving X Revolutions Driving = Diameter Driven X Revol- 
utions Driven. 

This is worked out entirely on the under face, thus : 

C. I. II Set Diam. Driving | Under Diam. Driven 
, ~~D II To Revs. Driving j Find Revs. Driven. 

3. Required the diameter of a pulley and the number of revolutions 
per minute which will give a belt speed of 2^0 feet per minute, 

C.I. II Set 250 feet | Under 13 inches | or under 18 inches 
D II To G.P. 3.82 I Find 73^ revs. | Find 53 revs. 

and similarly, all coinciding numbers on C. Inverted and on D give, the 
former — diameters, and the latter — revolutions, all producing the required 
belt speed of 250 feet per minute, so that the engineer has but to choose 
the most suitable combination. 
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And lastly, we may add that one and the same setting, and one single 
operation, give the square, the cube, the fourth, fifth and sixth powers of 
a number, as also the square root of the fifth power. 

A duplicate or trigonometrical slide is supplied at a small extra cost, 

when desired, having on one face the ordinary scales B and C, and on the 

other face, scales of Sines, Tangents and equal parts. By turning over 

b y c y Sin A 
the rule, as explained, such formulae as giving the area 

of a triangle can be very quickly worked out, and that without the incon- 
venience of having to take out the slide and reverse the faces as fe neces- 
sary with the ordinary Slide Rule. 

Fuller particulars, as well as the practical solution of some 50 formulae 
and problems are contained in The "Duplex" Slide Rule, a Manual 
by the inventor, (William Cox) just published by Keuffel & Esser Co. 
For price, etc., see back cover of present issue. 



LIGHT : ITS REFLECTION AND REFRACTION VI L 

The general principles of construction of the ordinary Sextant, 
more especially used for nautical purposes, are the same as those of the 
Box Sextant; we shall not therefore describe this instrument here, but at 
a future time devote a special article or articles to its consideration. 

Besides the different instruments already described, illustrating the 
practical application of the laws of reflected light, several others, embo- 
dying the same laws, have been invented, most of them having for their 
object the determination of ranges and curves. We purpose describing 
some of these separately in future issues, and now come to the considera- 
tion of the second division of our subject, namely 

the refraction of light. 

If a straight rod be held in a slanting direction in a vessel con- 
taining water, it is at once evident to the eye and needs no demonstra- 
tion, that the direction of the rod appears to change from the surface of 
the water downwards. Many physical experiments might be described to 
illustrate this and similar facts, but as they are well known to our readers, 
we shall not dwell upon them, but proceed to examine the principles 
which govern this peculiar optical effect termed refraction^ and their 
practical application to scientific purposes. 

The law of refraction may be briefly stated as follows : — Rays of 
light change their direction when they enter obliquely a medium of a diffe- 
rent density from the one whence they have emanated. 
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This change of direction of a ray of light is not by any means uni- 
form, but varies with the medium and with the ray*s obliquity, thus with 
alcohol it is greater than with water, and in the case of glass it is greater 
than with either water or alcohol. The amount of the change of direc- 
tion, or the deviation of a ray of light from a continuous straight line, 
produced by a given medium is termed the refractive power of the me- 
dium, and scientists have by means of careful experiments ascertained 
the refractive power of a great number of media*, and classified them, 
assigning to each one its own separate index of refraction. We shall 
show graphically how this index is obtained, but without describing the 
experiments, as it is well to have some idea of what is meant by the index 
of refraction before proceeding to the examination of refraction as it 
afifects prisms and lenses. 




Let, in the figure, A B ht the separating line between two media, 
say air above and water below, and let C^D be a ray of light which 
strikes the water at D^ the direction of the ray C^D being perpendicular 
to the surface of the water A B, Such a ray, striking the water perpen- 
dicularly^ will continue its course in the same straight line and proceed 
towards F^. Now let C Z> be another ray of light, proceeding from C 
and striking the surface of the water obliquely at D, This ray, instead of 
continuing its course in the straight line C D E^ will be found to deviate 
at D, and proceed in the direction D F, The amount of this deviation 



* Medium in optics is any transparent substance which allows a greater or lesser por~ 
Hon of the rays of light falling upon it^ to pass through it. 
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will, as already stated, vary according to the medium which the ray 
traverses. In the case before us, where we suppose the upper medium 
to be air, and the lower medium to be water, it has been found that D n 
and D x being the same length, \i x y measures by any convenient scale 
I unit, then m n will measure 1.336 such units. Now it is evident, that 
m n is the sine of the angle C Z> C\ and xy is the sine of the angle 
J^£> J^\ and that the ratio o( xy to m n^ that is, the ratio of the sine of 
the angle of refraction to the sine of the angle of incidence, is as i is to 
1.336. This number 1.336 is therefore called the index of refraction of 
water. 

It is well to note here that the index of refraction does not denote 
the ratio of the ang/e F D F^ to the atigle CD C\ but the ratio of the 
sine of one angle to the sine of the other angle. Let, for example, the 
angle C Z> C^ = 20°, whose sine is 0.342, then we have 

1.336 : 1.000 : : 0.342 : sine F £) F^, whence sine FZ) F^ = 0.256 
= sine 14° 50', and 20° — 14** 50' = 5** 10* = difference of the angles 
of incidence and refraction. Now let CD C* = 25°, whose sine is 
0.4226, then we have 

1.336 : 1. 000 : : 0.4226 : sine FD F\ whence sine F D F^ = 
0.3163 = sine 18** 26^ and 25° — 18° 26^ = 6° 34* = difference of the 
angles of incidence and refraction. 

It is clear therefore that for rays of light striking the same medium 
at different angles of obliquity, the difference between the angles of inci- 
dence and refraction is not the same, neither is the ratio of the angle of 
refraction to the angle of incidence the same, seeing that 

20° — 14° 50* = 5° 10' and 25° -- 18° 26* = 6° 34* 
and also 1.336 : i.ooo : : 5*^ 10' : 6° 46' 
and not 6° 34*. The index of refraction designates therefore the ratio of 
the sine of one angle to the sine of the other angle^ as shown by the lines 
X y and m n vc^ the figure, which ratio alone is constant for the same 
medium. 

The converse of the above holds good, as when a ray of light passes 
through and from water into air. It is also well to remember that the 
refracted ray passing out of a rarer medium into a denser one (as from 
air into water or glass) is deviated toward the perpendicular to the sur- 
face of the refracting medium, that is, the angle of incidence CD C* is 
greater than the angle of refraction F D F^ -, and the refracted ray pas- 
sing out of a denser medium into a rarer one is deviated from the per- 
pendicular, that is, the angle of incidence is less than the angle of refrac- 
tion. These angles are always those bounded by the direction of the ray 
of light and the perpendicular to the surface of the refracting medium. 

The operation of this law of light, as demonstrated, does not apply 
to water alone, but equally to glass and other media, with however the 
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difference that the index of refraction varies according to the medium. 
As glass, of one kind or another, is the substance which interests us 
mainly in those descriptions of optical and scientific instruments, we give, 
for the information of those of our readers who may like to pursue this 
branch of our subject further than our space permits of our doing, the 
refractive indices of various kinds of glass, thus : — 

Crown Glass from 1.525 to 1.534 

Plate Glass " 1.5 14 to 1.542 

Bottle Glass 1.582 

Flint Glass from 1.590 to 1.625 



A NEW CLINOMETER. 



The Clinometer or Slope Level shown in the above figure has 
been specially designed to meet the requirements of certain classes of work. 
It consists of a straight brass bar, 9 inches long, with side ledges, to 
the centre of one of which is pivoted an arm having attached to it a fine 
graduated bubble and a vernier. There is also attached to the bar an arc 
of 180 degrees, divided into single degrees and reading with the vernier to 5 
minutes. The bubble arm can be clamped to the arc, when required, by 
means of a milled-headed screw at the back of the arm ; a stop is also 
provided for bringing the vernier zero at once to zero of the arc, while 
three set screws are provided for adjusting the bubble tube and bringing 
the bubble into the centre of its run when the zeros of the arc and vernier 
coincide, by means of the principle of reversion, set forth in our articles 
on the adjustments of instruments. Th^e extra length of the bar and its 
broad, flat underface, make the use of this instrument very advantageous 
when the surface on which it is placed is somewhat uneven. 

These Chnometers are very carefully made, and the bubbles being 
adjustable, may be used for delicate work. The value of a single division 
of the bubble tube is about 2' so that differences of level as fine as one 
minute may be easily estimated. 



Digitized byLjOOQlC 



THE COMPASS. 

A Monthly Journal published the firit of every month, at 127 Fulton Street, New York City. 



WILLIAM COX Editor. 

KEUFFEL & ESSER CO., Publishers. 



SUBSCRIPTION $x.oo per year, in advance, posUge paid. Single Copies, xo Cents each. 

CORRESPONDENCE should be addressed to the Editor of The Compass, 127 Fulton Street, 
New York City. 

AU such bearing upon the topics to which the Journal is devoted, will be thankfully received and 
acknowledged with pleasure. 



CONTENTS. 

PAGE. 

The Heliograph, 145 

The Duplex Slide Rule, 146 

Light: Its Reflection and Refraction, VII, 148 

A New Clinometer. - . - - 151 

Adjustments of Surveying Instruments, VII, - ^53 

Deflection Angle or Tangential Angle? 156 

The Metric System, 158 

K. & E. Pocket Folding Rules, 159 

Books Received, i6d 

Charles H. Haswell, 160 



We ARE NOW in a position to announce in reply to numerous inquiries 
that the " Duplex " Slide Rule is on the market, and may be obtained 
of Keuffel & Esser Co., the publishers of '* The Compass," and the owners 
of the American, Canadian and all European patents. The price will 
be found on the back cover of this issue. 

Those of our readers who are not acquainted with the special features 
and advantages of this improved Slide Rule, will find a short description 
of it, with a few practical examples of its great utiUty on page 146 of the 
present number. 
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ADJUSTMENTS OF SURVEYING INSTRUMENTS. VII. 

The Transit. 




The adjustments of the Transit which require the engineer's atten- 
tion may be divided into two classes, those appertaining to the measure- 
ment of horizontal angles, and those relating to leveling and the measure- 
ment of vertical angles. These adjustments are 

The Plate Levels, 

The Line of CoUimation, 

The Standards. 

The Telescope Level, and 

The Vertical Circle. 

We will examine these adjustments in order, and after showing what 
is signified by each one, explain how they are effected. 



I. 
2. 

3- 

4- 
5- 
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1. By the adjustment of the Plate Levels, their axes are made 
parallel to the top plate R F^ so that R S may then be ascertained to be 
a true vertical and ^ i?' perfectly horizontal when the bubbles e and /are 
in the centre of their respective runs ; the top plate E F and the horizon- 
tal limb G H are by construction made perpendicular to the centres g h. 

2. The adjustment of the Line of Collimation consists of two opera- 
tions; first, to ascertain that the cross hairs are truly vertical and horizon- 
tal, that is, that the horizontal cross hair is parallel to E Fy and that the 
vertical cross hair is parallel to or coincides with R S; and second, to 
ascertain that the point of intersection of these cross hairs coincides with 
the line of collimation. 

3. The adjustment of the Standards ensures the horizontal axis of 
revolution of the telescope being parallel to the top plate E F and per- 
pendicular to R S. 

4. The adjustment of the Telescope Level, by which the line of 
collimation A £ is made parallel to the level axis C Z>, and consequently 
to the axes of the plate levels when the three bubbles are in the centre of 
their runs, is required when the transit is used for leveling purposes, and 

5. The adjustment of the vertical circle, by which the vernier zero 
and the zero of the vertical limb are made to coincide when the line of 
collimation A B is horizontal, or parallel to £ F, as shown by the tele- 
scope bubble, is necessary for the correct reading of angles of elevation or 
depression. 

The object of these adjustments, it will be seen, is therefore to ascer- 
tain that the planes of revolution of the several parts of the instrument 
are parallel or perpendicular to one another, and are all perpendicular 
(each one in its own direction) to the true vertical R S, however these 
different parts may be revolved upon their axes. 

In considering the manner of effecting these adjustments we shall 
have occasion to mention two distinctly different circular motions of the 
telescope, — the one a vertical motion in altitude upon its horizontal axis, 
and the other a horizontal motion in azimuth upon its vertical axis. In 
speaking of these we shall, in order to avoid confusion, refer in the former 
case to the telescope being revolved^ and in the latter case to its being 
turned round. 

We now come to the methods of effecting these adjustments, and 

I. The Plate Levels, by which R S is ascertained to be vertical^ 
and E F to revolve in a horizontal plane. 

Set up the Transit on its tripod with the top plate (judged by the 
eye) as level as possible, then unclamping the plates, turn the instrument 
round so as to bring each one of the plate levels parallel to one of the pairs 
of opposite leveling screws. 
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Now proceed to bring one after the other each of the bubbles into 
the centre of its run by means of the leveling screws, remembering that 
when it is required to raise the right hand side of a tube, as shown to be 
necessary by the bubble being to the left of the centre of its run, the op- 
posing screws parallel to it should be turned by directing both thumbs in- 
wards, and the reverse when the left hand side should be raised. In Fig. 
I the screws L L must be operated on to influence the bubble/, and the 
other pair of screws to affect the bubble e. Care must be taken not to 
disturb the instrument while the two bubbles are being centred. It will 
probably be seen that the adjusting of the second bubble has affected the 
first one, and that it again needs attention. When eventually both bub- 
bles are accurately centred, turn the top plates half way round so as to 
reverse the position of the level tubes in regard to the leveling screws, 
and note if the bubbles come to their centres as before. If they do, pro- 
ceed to examine if they will remain centred during a whole revolution of 
the plates on their spindle. Should, however, the bubbles not run to their 
centres, then the axes of their tubes are not parallel to the top plate, and 
half\}[i^ error must be corrected by means of the capstan headed nuts at 
the end of the level tubes as described on page 114, and for doing which 
an adjusting pin is always provided. When this is done, centre the bub- 
bles again by means of the leveling screws L Z, and verify in all positions 
of the top plate, repeating the correction as often as may be necessary 
until the bubbles remain accurately centred througout a complete revolu- 
tion of the top plate on its spindles. The axes of the level tubes are now 
parallel to the top plate, the plane E F\^z, horizontal one, and the cen- 
tres g hoi the Transit coincide with the true vertical R S. 

The reason why only half the bubble error must be corrected by 
means of the capstan headed nuts at the end of the level tubes will be 
clear if our preliminary observations (page 58) have been followed, in 
which we showed that the principle of reversion not only made an error of 
adjustment apparent, but determined its quantity, this visible quantity be- 
ing double the error. By correcting, therefore, half the apparent error, we, 
in fact, rectify the whole of the real error. The subsequent operation of 
bringing the bubbles into the centres of their runs by means of the level- 
ing screws must not, therefore, be considered as a correcting of the bubble 
error, but merely as a leveling again of the plates, assuming that the axes 
of the small level tubes have now been made parallel to the top plate. 
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DEFLECTION ANGLE OR TANGENTIAL ANGLE f 

A SHORT TIME ago the following letter appeared in The Railroad 
Gazette^ addressed to its editor : — 

" I solicit your aid in the direction of securing greater uniformity in 
the^nomenclature of the angles employed in locating railroad curves. My 
references are to the figure inclosed 




The Field Books of Henck and Searles apply the name " deflection 
angle" to the angle dab formed between a loo-ft. chord a 3, and a 
tangent a d 2X one end of that chord, which is the constant angle d z. b =^ 
b a c turned off (or ** deflected ") by the transitman from one point a in 
locating points 3, ^, etc., in the curve at the ends of loo-ft. chords. 

But Shunk's and Trautwine's books call this the ^-'tangeniiaV^ angle 
(owing, no doubt, to the fact that the tangent a d forms one of the legs ot 
the angle) and apply the term " deflection angle " to the double of this, 
/. ^., to the angle e b c formed between one loo-ft. chord b c and the pro- 
longation b e oi the preceding loo-ft. chord a b ; which, of course, is equal 
to the angle d h b between two tangents a d and h g, touching the curve 
at the two ends a and ^ of a lOo-ft. chord, or to the central angle a o b =^ 
b ^^ subtended by one loo-ft. chord. It is the angle through which the 
curve deflects within the length subtended by one loo-ft. chord, and is 
generally called the ''degree of curvature." 

It seems most unfortunate that so confusing a difference of nomen- 
clature should be perpetuated, and I would ask for expressions of opinion 
from yourself and from your readers as to the relative merits of the two 
systems and the extent to which each prevails, in the hope that one pair 
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of authors (no matter which) may be induced to bow to the inevitable 

and conform to general usage. 

Simplex." 
The first reply to the above was as follows : — 

" To the editor of the Railroad Gazette : — 

I shall await with interest the replies that may be called forth by the 
inquiry of your correspondent, Simplex, respecting the nomenclature of 
the angles used in the loeation of curves. 

Simplex is right in supposing that our tangential angle is so called 
from the fact that the tangent forms one side of it. Or, as stated in our 
book on curves, " The first of these angles is called the tangential angle, 
as being that by which the curve is connected with the tangent,'j^but inas- 
much as the others are all equal to it they also are called tangential 
angles."' 

My own impression is that the balance of usage is in favor of the use 
of the terms as employed by Henck and Searles, but of this we may be 
better able to judge when the returns are in. 

John C. Trautwine, Jr." 

Later on, replies were received from the following, all of whom^are 
in favor of calling the angle dab the Deflection angle. 

C. Frank Allen, Professor Railroad Engineering, Massachussetts Insti- 
tute of Technology ; 

Ward Baldwin, Professor Civil Engineering, University of Cincinnati ; 

Channing M. Bolton, Chief Engineer Richmond & Danville Railroad ; 

C. L. Crandall, Professor Civil Engineering, Cornell University ; 

William E. Hoyt, Chief Engineer, Buff'alo, Rochester & Pittsburgh ; 

Olin H. Landreth, Professor of Engineering, Vanderbilt University ; 

Emile Low, Engineer Department, Norfolk & Western ; 

G. B. Nicholson, Chief Engineer, " Queen & Crescent '* System ; 

Joseph T. Richards, Engmeer Maintenance of Way, Pennsylvania RaiU 
road; 

Wm. H. Searles ; 

Geo. H. White, Professor of Civil Engineering, Worcester Polytechnic In- 
stitute. 
Mr. Walter Katte, Chief Engineer, New York Central & Hudson 

River Raibroad alone makes out a very good case in favor of Trautwine*& 

designation, and as we think a fair chance should always be given to a 

minority, we append his reasons, as given in his letter to the Editor of the 

Railroad Gazette. He says, — 

"When I was a ** field" practitioner some 25 or 30 years ago, the 

invariable practice (as far as my recollection now serves) was to call the 

angle dab the " tangential " angle, and the angles e b c, a o b, b c 
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** deflection " angles, never applying the term " deflection " to the '* tan- 
gential " angle dab. This seems to me to be the proper, common-sense 
nomenclature for these angles, for the reason that " deflection " naturally 
suggests what itis—u ^., the "deflection" or "change of course" which 
the curve has obtained at fhe end of each successive 100 feet. This is 
not the case when applied to the " tangential " angle, as that of course is 
always exactly one-half the deflection angle, and applies only at the be- 
ginning and the end of a curve, and is simply the angle which the Jirst 
and last chords make with the tangent." 



THE METRIC SYSTEM, 

In our February issue we gave our readers a copy of a circular 
which had been sent out by the New Decimal Association of London, 
England, in which it was stated that the Chancellor of the Exchequer 
and the President of the Board of Trades had been asked to hear the 
views of the leaders and advocates of the metric system, and that they 
had promised to receive a deputation on the 25th of January. 

We learn from the English papers that the result was not as satis- 
factory as was hoped, as, Sir William Harcourt confined his remarks al- 
most entirely to the question of coinage, passing over with a casual 
observation the more important issues of weights and measures. 

We are glad to know however that the New Decimal Association 
intend to agitate and " press for a change of the weights and measures 
first, and to deal with the more thorny question of a decimal coinage 
afterwards. As a first step, it is proposed to ask for a Select Committee 
to consider the question in the light of present requirements, and then 
the case can be fully stated and investigated. 

That the subject is one of international interest is undoubted. In 
Europe the use of the Metric System is obligatory in 12 countries with a 
population of over 200 millions. In Central and South America it is 
obligatory in 10 States with a population of 40 millions, while in 10 small 
States having a population of 10 millions, it is legalized and is more or 
less in use. This, to manufacturing countries like the United States and 
England, should be a weighty consideration, seeing that the absence of 
uniformity and conformity to the usages of importing countries often leads 
to serious diversions of trade. Instances of such results are frequently 
given in our own and in English Journals, and if collated would present 
such an array of facts as would cause many an American Machinist or 
Manufacturer to ponder whether important advantages would not accnie 
to this country by a little more observance of and agreement with the 
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systems of weights and measures in vogue in those numerous countries 
with which we have such great and important commercial dealings. 

To the Civil Engineer practicing in South and Central America, 
acquaintance with the metrical system of weights and measures is an ab- 
solute necessity ; to the Hydraulic and Mining Engineer the relation be- 
tween length, volume and weight is immensely simplified, seeing that 

I Cubic Metre of Water = 1000 Litres = 1000 Kilogrammes, 
there being thus agreement between the three measures ; to the Machinist 
or Manufacturer compliance with foreign usages and preferences would 
increase materially the importance of his export trade ; while to one and 
all the simplicity of the system, when fully understood, would be a great 
relief. 

To the honor of this country, be it said, " in the Coast and Geodetic 
Survey the metre has been in use exclusively as the unit of measurement, 
and in the Lake Survey in the measurement of its later base Ijnes. The 
application of the metric system appears also in the acts relating to coin- 
age, in which the weight of the half dollar, the quarter, and the dime are 
expressed in grams." * 

Let us hope that our pioneers of industry will make themselves fully 
acquainted with the metric system and the advantages which it offers ; 
its adoption in commerce and science will then surely follow. 

We shall be glad to receive and give expressions to the views of any 
of our readers on this important question. 



K. & E. POCKET FOLDING RULES. 

It may interest some of our readers to know that since we described 
these convenient Pocket Rules, (Jan. 1893) some additional forms of them 
have been placed on the market. 

The 4-foot rule with spring joints, shown in figure i, may now be 
had divided on one side in inches and sixteenths, and on the other side in 
inches with subdivisions of tenths and half-tenths. This decimal division 
will be found in many cases a great convenience. 

The ordinary pocket rules, 2 and 3 feet long, similar to figure i, 
but without the spring joints, may also now be had about 5 inches long 
when folded up (instead of with 7 inch links) giving 4 inches between the 
centres of the joints, thus making the 2 foot in 6 folds and the 3 foot in 
9 folds. This size will be found more convenient for the pocket. 

In case of breakage these rules may be sent to be repaired, or spare 
links may be obtained, if preferred. 



♦ Report of Professor T. C. Mendenhall, Superintendent U. S. Coast and Geodetic 
Survey and of Weights and Measures. September 16, 1889. 
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BOOKS RECEIVED, 

Tips to Inventors.— Telling what inventions are needed, and how- 
to perfect and develope new ideas in any lines. By Robert Grimshaw, 
Ph. D., M. E., The Practical Publishing Co., New York, 1893. 
Price $1.00 

This little work is intended to be both a guide and an incentive to 
those who are of an inventive turn of mind. It briefly recounts some 
one hundred and fifty odd subjects, problems or processes, whose sohition 
at the present time is either non-existent or leaves much to be effected in 
the way of improvement and perfecting. The most valuable part of the 
book is perhaps the advice to those who have started an idea, as to the 
best steps to take in working it out, and the errors to avoid, so that a 
happy consummation of the inventor's hopes and ambitions may be at- 
tained. 

Tables of the area and the population of the countries and chief 
cities of the world are added, probably to guide the inventor as to the 
relative value of the different foreign patentsmight be induced to take out. 

We have received from Robert Poole & Sons Co., of Baltimore, 
their new (1893) List of Gearing, Pulleys, &c. The reputation obtained 
by this firm for their machine-molded gears will make this book containing 
particulars of over 5000 forms of great use to the engineer. This firm is 
also full equipped for suppling cut and plained gears of all kinds, from the 
smallest to a gear 50 ft. diameter. Several tables are appended which add 
to the value of the book. 



CHARLES H, HA SWELL. 

It is always pleasing to note such testimony as the following. The 
editor of the Engineer says there is no more striking figure in any profes- 
sion to-day than that of Charles H. Haswell, who at the age of 84 — is still 
actively at work daily. Notwithstanding his years he is as erect as an 
athlete, and apparently as tireless, he goes about, up and down long flights 
of stairs to offices where there are no elevators, transacts even trivial mat- 
ters, and has, apparently discovered the fountain Ponce de Leon sought 
for unavailingly. We think it would be hard to find an)rwhere in the world 
another professional man who is doing the work that Mr. Haswell does 
constantly, both physical and mental. We should be proud of the career 
of this veteran American engineer and honor him while he is still in the 
flesh. 
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THE HELIOGRAPH. 




Fig. I. 
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The above figure represents the heliographic outfit used for the in- 
teresting experiments recently made between New York and Brooklyn, 
and to which we briefly referred in our last issue. It consists of the fol- 
lowing parts, the references being to Fig. 2. 
A, A.' Two Tripods; 

B. A Sun Mirror, which revolves in a conical socket at one end of 

C. The Mirror Bar; 

D. A Sighting Rod, with movable disk, which fits in a similar socket 

at the other end of the mirror bar ; 
£. A Screen, screwed on to the head of tripod A\ by means of 

which intermittent flashes of light, reflected from the sun 

mirror, are produced. 
Another mirror, called the Station Mirror, (not shown in the figure) com- 
pletes the outfit. This mirror is similar to the sun mirror in all respects 
but one ; this difference and the object of the second mirror will be re- 
ferred to further on. 




Fig. 2. 



TAe Tripods when set up are about 40 inches high. In the centre of 
each tripod head is a screw, (both screws being of the same diameter and 
pitch of thread) one for receiving the mirror bar C, and the other for the 
screen E, The mirror bar, which is 12 inches long, can be fixed in any 
desired position by means of the circular clamping screw F, Under the 
tripod head is a substantial hook, from which a heavy weight can be sus- 
pended to render the instrument more stable in windy weather. 

The Sun Mirror consists of a frame G having a conical stud or 
spindle on its under side which fits acciurately into the socket at the end of 
the mirror bar, and is there secured by means of a spring clamp on the 
underside of the bar, which, however, does not prevent the frame from 
being revolved on its axis as desired. The sun mirror proper B^ is capa- 
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ble of rotary motion about a horizontal axis, revolving in suitable bearings 
in the frame G. In the centre of this mirror is a small unsilvered spot, 
through which the operator, when standing behind it, can see the sighting 
point L and the receiving station. A tangent screw H is provided for 
turning the sun mirror round upon its vertical axis with a slow and steady 
motion, while another tangent screw J enables the mirror to be turned 
round very gently upon its horizontal axis, thus allowing of its being set 
very accurately in position to receive and transmit the light as desired. 

T?ie Sighting Rod D fits in the other socket of the mirror bar, is 
there secured by a spring clamp, and can be adjusted to any height, its 
desired position being maintained by means of a sliding nut K, It con- 
sists of the sighting point Z, and a small movable disc M which can be 
turned up or down so as to cover or uncover the sighting point Z. 

The Screen E consists of a thin plate of vulcanized fibre, hinged to 
the frame A^ which is screwed on to the tripod head. A handle or key O 
permits of the screen being turned down so that the rays of light reflected 
from the sun mirror may be seen at a distance, while a spiral spring at once 
restores it to its normal position when pressure is taken off the handle. 

Such are the parts composing the Heliograph with the exception of 
the Station Mirror^ which as stated, is like the sun mirror, except that in 
place of an unsilvered spot in the centre, it has a corresponding white 
opaque spot. This mirror is only used when the sun is behind the opera- 
tor, and then serves to reflect to the receiving station the sun's rays which 
it receives by reflection from the sun mirror. 

The method of operating with the Heliograph is briefly as follows: — 
The instruments are set up as shown in the figure, a sight being taken 
from behind the sun mirror, through the unsilvered spot, to the receiving 
station, the top point of the sighting rod being then placed in this line. 
The mirror is next adjusted by means of the tangent screws so that the 
^'shadow spot" shall fall upon the sighting rod disk, in which a piece of 
white paper has been previously inserted ; a ray of light reflected from the 
the mirror will now strike the receiving station. This done, place the 
screen so as to intercept the ray, then by means of the screen handle 
make intermittent flashes of light as desired. 

When the sun is behind the operator the sighting rod is replaced by 
the sun mirror and the two mirrors adjusted to produce a double reflec- 
tion of the sun's rays, when intermittent flashes may be produced as re- 
quired. Care must be taken when signalling, to keep the sun mirror all 
the time so adjusted by means of the tangent screws that the shadow spot 
shall remain in the centre of the disk, otherwise the flashes will cease to 
be transmitted to the receiving station. 

The signal code and the conventional signals used are those of the 
American Morse Alphabet^ issued in leaflet form by General A. W. Greely 
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Chief Signal Officer U. S. A., dated July i, 1889, and authorized by G. O. 
59, A. G. O., June 28, 1889. 

The sun*s light is reflected from the surface of the mirror in a cone of 
rays, the apex angle of which is equal to that of the sun's diameter, or 
about 32 minutes, so that the lateral space covered by the flash may be 
taken at sin 32' X 5280 = 49 feet per mile. Although the area thus 
covered by the cone of rays may appear considerable, yet it is advisable 
that the adjustment and alignment of the instruments be as perfeet as pos- 
sible, as the maximum intensity of light is then transmitted to the receiv- 
ing station. These reflected rays are discernible by the naked eye at 
from 30 to 50 miles, and under very favorable conditions have been seen 
by means of telescopes at nearly 100 miles. 

A complete Heliographic outfit comprises 2 tripods, i mirror bar, i 
sun mirror, i station mirror and i screen for each station. 

In Geodetic surveying when the distance or the state of the atmos- 
sphere is such that a target can be but barely discerned, a heliotrope (that 
is, a heliograph without the screen) is sometimes made use of to indicate 
the position of a station, thus materially assisting in determining angles^ 
etc. The instruments we have described answer admirably such a pur- 
pose, the mode of using them being as described. 

Besides the use of these instruments in our own country, as referred 
to in our last issue, they have been adopted by the Military Schools and 
Colleges of Mexico, Columbia and Guatamala. 

Our previous remarks have had special reference to the transmission 
of the sun's rays to distant points, but as this is not at all times possible, 
the Heliograph may be used in conjunction with any suitable artificial 
light, thus adding materially to the occasions when it may be profitably 
employed, either by day or by night. 



LIGHT : ITS REFLECTION AND REFRACTION VIIL 

A PRISM IN OPTICS is used to designate a solid composed of any 
transparent substance or medium, having two plane surfaces A B C £> 
and E F C Dy inclined to and intersecting one another in C Z>, these 

^r bounding surfaces or planes being called the 

faces or refracting surfaces of the prism, 
while the line C D formed by the intersec- 
tion of the faces is called the edge of the 
prism. The third side A B E F^ enclosing 
the solid, is called the base of the prism, and 
Fig. I. the angle formed by the intersection of the 

faces is called the refracting angle of the prism. 
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The laws which govern the transmission of light through different 
media have been placed under contribution in various ways to obtain in- 
struments by means of which angles or directions, as well as distances, 
may be determined, and as the glass prism is that form and kind of solid 
medium which has been found most suitable for such purposes, and has 
therefore, been mostly adopted in the construction of such instruments, 
we shall briefly explain the modifications produced upon rays of light as 
they pass through the refracting surfaces of glass prisms. 

We showed in our last, that when a ray of light emerges from a me- 
dium of one density and enters obliquely a medium of a different density, 
the direction of its course is altered, and that this change of direction 
varies with different media, but that the ratio of the sine of the angle of 
incidence to the sine of the angle of refraction is always the same for the 
same medium, whatever may be, within a certain limit, the obliquity of 
the incident and emergent or refracted rays. 




B/ .-- 


i 


^-.. \C 


q" 


z 

Fig. 2. 


H 



Let in Fig. 2 A B C be the section of a flint glass prism, and let D^ 
^ be a ray of light falling upon the face A B oi the prism, and which, if 
unobstructed in its course by the interposition of a medium of different 
density, would proceed to F, Let also 6^ ZT be a perpendicular to the 
face A B, termed in optics the normal^ then taking the index of refraction 
of flint glass as 1.6, the sine of the angle of incidence G E D would be to 
the sine of the angle of refraction within the prism, as 1.6 to 1.0. Now 
by any convenient scale, lay oK D / equal to 1.6 or 16 parts, parallel to 
A B^ and with E as centre and JD E 3is radius, describe the Circle D/iTZy 
then lay off M JV, equal to i.o or 10 parts by the same scale, and also 
parallel to the face A B ; join E J/ and produce it to O on the face A C. 
It will be clear now that G E £> is the angle of incidence of the ray of 
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light, and O E H the angle of refraction, the ratio of the sine D J oi the 
former being to the sine J/ -A^ of the latter as 1.6 is to i.o, so that EM O 
is evidently the direction of the ray of light D Ez,%'\\. penetrates the me- 
dium or prism ABC. Now draw P Q perpendicular to the face A Cy 
then as before lay down R .S" equal to i.o or 10 parts, describe the circle 
V U W, lay down T 6'' equal to 1.6 or 16 parts, and join O C/' producing 
it to U*^ ; then is O U^ clearly the direction of the ray emerging from the 
prism, EOS being the angle of incidence and T O U^ the angle of re- 
fraction as regards the face A C, the sine E S of the former being to T U, 
the sine of the latter, as 1.0 is to i 6. We have, therefore JD^ E O U^ 
as the course followed by the ray of light through the prism, and to an ob- 
server, situated at C/^y an object at JD would appear as if placed at X, in 
the prolongation of the emergent ray O U\ the angle of deviation of the 
ray being E Y U^ = D^ V X, 

We have said that the ratio of the sine of the angle of incidence to 
the sine of the angle of refraction is the same for the same medium, what- 
ever may be, within a certain limits the obliquity of the incident and 
emergent or refracted rays. This limitation is called the Limit of Refrac- 
tion or the Limit of Possible Transmission^ and is a natural consequence 
of the law of refraction, its effect being at once apparent in the case of a 
ray of light emerging from a denser medium into one of less density. Let 
us suppose for instance, a piece of glass, with two parallel plane faces, 
whose index of refraction is 1.6, and a ray of light passing through it and 
into the air, the ratio of the sine of the angle of the incident ray to the 
sine of the angle of the refracted ray would be as 1.0 is to 1.6. Now if 
the angle of incidence be 30®, its sine is 0.5, so that the sine of the angle 
of the refracted ray would be 0.5 x 16 = 0.8, thus making the angle of 
refraction 53° 8'. If we now suppose the angle of incidence to be 45°, 
whose sine is 0.707, then the sine of the angle of refraction would be 
0.707 X 1.6 = 1. 131, which represents an angle greater than 90 degrees. 
As the surface of the medium forms with the normal, or perpendicular to 
its surface, a right angle, it is clear that the ray of light cannot emerge 
from the denser medium, but the refraction would have, if such were pos- 
sible, to transmit the ray back again into the medium. There is, there- 
fore a certain angle of incidence at which refraction ceases. This angle, 
called the critical angle, may be very easily ascertained thus, 

Sine 90^ -7- Index of Refraction = Critical Angle, 

so that in the case before us we have — - = 0.625 = sine 38° 41' as the 

limiting angle beyond which refraction is impossible. It is self-evident 
that a ray of light in a transparent medium cannot be totally extinguished, 
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so when refraction becomes impossible, then reflection must take place, 
and it follows in such cases the laws already laid down under that head. 

It wilt be at once seen from what precedes that the critical angle of 
one medium is different from that of another, and that it is in inverse pro- 
portion to the index of refraction; thus we have 



Medium 



Crown Glass 
Plate Glass 
Bottle Glass 
Flint Glass 



Index of Refrac- 
tion. 



1.525 to 1.534 

1.514 " 1.542 

1.582 

1.590 " 1.625 



Sine of Critical 
Angle. 



0.655 ^^ 0-652 

0.660 '' 0.649 

0.632 

0.629 " 0.615 



Limiting Angle of In- 
p cident Ray. 



40° 56' to 40° 42' 

41^ 20' " 40° 26' 

39° 12' 

SS^ 58' " 37^^ 59 




Fig. 3. 



This principle of a limiting or critical angle beyond which reflection 
takes place, is frequently made use of in scientific instruments in prefer- 
ence to mirrors, thus in Fig. 3, let ^ ^ Cbe the section of a glass prism, 

right angled at A, and let £ £" he b, 
ray of light proceeding from £ and 
striking the face A B of the prism 
perpendicularly at EK As shown in 
our last, such a ray, would continue 
in its course in the same straight line 
and proceed towards Z>, At D the 
ray £^ D is an incident ray as regards 
the base B C oi the prism, and the 
angle of incidence A D F^ being an 
angle of 45^, is greater than the limiting angle of refraction of glass, 
(which varies between about 38^ and 41^) therefore the ray cannot emerge 
or be refracted, but is internally reflected. As therefore, according to the 
laws of reflection the angle of reflection is equal to the angle of incidence, 
this latter must also have 45^, and the ray will consequently follow the 
direction D F^^ striking the face A C oi the prism perpendicularly, and 
continue its course in the same straight line towards F. An ob- 
server at F looking straight into the face A C oi the prism would 
therefore see an object at E as if it were at G^ the apparent 
direction of the ray being G D F, and the deviation of its final 
direction from its initial direction being 90 degrees. 

Fig. 4 represents a small mounted Rectangular Prism, with 
handle, which is often used for setting out perpendiculars, exactly 
in the same manner as the Angle Mirrors already described. 
Fig. 4. The handle is provided with a small hook to which a plumb line 
can be attached to determine the apex of the right angle. 
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A NEW TELEMETER TARGET. 





\ 



^ 



The ABOVE figure represents a new target, invented and patented by 
Mr. Claudio Urrutia, of Guatamala, and manufactured and sold by Keuf- 
fel & Esser Co. With this apparatus and an Engineer's transit, whose 
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horizontal and vertical limbs read at least to single minutes, the distance 
of remote objects may be easily and quickly obtained, and that with a de- 
gree of precision depending solely upon the care bestowed upon the 
manipulation and accuracy of the instruments used. 

To the engineer, working in mountainous districts, this invention will 
prove of great value, enabling him, as it does, to obtain both horizontal, 
vertical and inclined distances without having to encounter the tedium and 
the difficulties of chaining, and that with a greater degree of accuracy than 
with the gradienter or with the stadia. 

The apparatus consists of 3 discs or targets firmly attached to a hori- 
zontal bar, the distance between their respective vertical diameters being 
exactly 50 centimetres (half a metre = 1.6404 feet.) The centre disc is 
connected with a vertical spindle capable of being revolved in a socket, 
which is provided with leveling arms, screws and a tripod plate, this latter 
being screwed on a tripod head, as is done in the case of a level, and as 
shown in the figure. Two bubble tubes are provided by means of which 
the spindle can be made perfectly vertical, and the disc bar consequently 
horizontal, in any position in which it may be placed, while a sighting 
arrangement, seen over the centre disc, fenables the targets to be so ad- 
justed that an imaginary line proceeding from the vertical diameter of the 
centre disc to the observer's transit shall be pajpendicular to the bar, thus 
making with it two right angles. The exact spot whose distance is de- 
sired, is determined by a plumb bob suspended in the usual way. For 
convenience in packing the two arms of the bar are jointed, allowing of 
the three discs to be folded over each other. 

The method of using this instrument is alS follow : — It is mounted in 
position by means of the plumb bob at the end of the line which is to be 
measured, carefully leveled and sighted to the other end of the line where 
the transit is placed, then clamped by means of a screw behind the centre 
target. The observer at the transit then measures the horizontal angle 
subtended by the vertical diameters of the two outer targets, repeating the 
measurement until a total angle of at least 3 degrees has been obtained. 
The total angle and the number of measurements being noted, we now 
calculate the direct distance by means of the following formula 

Distance in metres = 0.5 X Cot — (i) 

2 n 

where m = total angle of all the measurements in minutes ; 

n = number of measurements taken ; 

or Distance in feet = 1.6404 X Cot — (2) 

2 n ^ ^ 

As, however, half the mean subtended angle is not likely to exceed 50 
minutes, seeing that this would give a direct distance of 1.6404 x 68.75008 
= 112.778 feet, we may simplify the above formula and assume that the 
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cotangent of an angle is inversely proportionate to the number of minutes 
in the angle, whence we obtain 

2 ft 
Distance in feet = 1.6404 X Cot i min X — 

m 

= 1.6404 X 3437.74 X -^^ 

that is ^ 

Distance in feet = 1 1278.56 X — (3) 

the difference between this method and and the use of correct cotangents 
being but one- tenth inch for a distance of 112 feet, which difference dimin- 
ishes as the distance becomes greater, becoming practically nil at 500 feet. 
If the direct distance to the target is not a horizontal, but an in- 
clined one, then it must be reduced to such by multiplying the inclined 
distance by the cosine of the angle of elevation or depression of the tar- 
get, as found on the vertical limb of the transit, so that we have 

Horizontal Distance ) « y. « ^ 

infect 1 = 11278.56 X- X Cos* (4) 

where a = angle of elevation or depression of the transit telescope. 

Should it be required to ascertain the vertical height from the horizon- 
tal plane passing through the transit telescope axis, we have 

Vertical Height ) o .r ^ r.- / x 

infect [=11278.56 X-XSin a (5) 

If the distances and the vertical height are required in metres, then 

we use the constant 3437.74 in place of the constant 11278.56, which 

gives us 

Direct Distance) n 

in Metres ;=3437.74X — (6) 

The centre disc may be used in cases where obstacles prevent the 
sighting to be made on the two outer discs, care being then taken to di- 
vide the constants in the above formulae by two. 

This Telemeter Target has been submitted to many tests, and has 
been found to give very accurate results. 



THE SECTOR. IV. 

As MAY HAVE been gathered, a variety of problems can be solved by 
means of the Sector. With it, a pair of dividers and a finely divided or a 
diagonal scale, the surveyor or engineer, who does not wish to be burdened 
in the field or on a journey with a number of instruments, may make his 
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sketches, protract his angles and make his geometrical or trigonometrical 
computations with ease and a fair degree of accuracy. For purposes o^ 
calculation, however, the Sector must undoubtedly give place to the Slide 
Rule. We shall now close the subject with a few practical applications. 

2o make a vernier. On a given straight line lay off say an inch and 
divide it into 10 equal parts, as described page 123, then take in the divid- 
ers 9 of such parts and open out the Sector legs until this distance be- 
comes a transverse distance from 10 to 10 on the lines of lines. The 
transverse distances i to i, 2 to 2, etc., from one lateral scale to the other 
will then be divisions of the vernier, the lowest count being Vioo^h of an 
inch. 

To use the Sector as a scale of inches and chains^ or inches and feet^ 
etc. Let it be required, for instance, to take off measurements from a 
drawing make to a scale of i inch == 3 chains. Take in between the 
points of the dividers one inch, and open out the Sector legs until it be- 
comes a transverse distance between 3 and 3 on the lines of Hues. The 
Sector is now "set" to serve as a scale of 3 chains to the inch, and all 
transverse distances, read on the lateral scales -of hnes, from a main divi- 
sion on one leg to the corresponding main division on the other leg repre- 
sent chains, while the transverse distances from and to subdivisions repre- 
sent chains and links. 

In the same way scales of inches and feet, inches and miles, inches 
and metres, etc., may be set, and corresponding scales laid down on the 
drawing if desired. 

Required the height of A B^ Fig. i, its base being inaccessible. Let 
CD == 60 feet, A C^ = 60° and A D B = 35^ then we haveC^ I) 
= A C^ — ^ Z> ^ = 60° — 35° = 25^ 




Now we have, according to the rules of Trigonometry, 
(i). Sine C A D : CZ>.-.-Sine A D C\ A Cand 
(2). Sine A B C : A C : : Sine A C B : A B, 
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With the Sector the operations are 

First. Take in the dividers from the line of lines or any other con- 
venient scale 60 parts ^ C D, and open out the legs of the Sector so as 
to make them a transverse distance between 25 on one line of sines to 25 
on the other line of sines = Angle C A D\ then without disturbing the 
Sector, take in the dividers the transverse distance 35 to 35 of the lines 
of sines = angle A D Q and apply this to the same scale of equal parts, 
when 81^ will be read off = ^ C, now 

Second^ with the dividers as just set = ^ C, make their opening co- 
incide with the points 90 and 90 of the lines of sines = angle A B C, by 
opening out the legs of the Sector the necessary quantity ; now take in 
the dividers the transverse distance 60 to 60 of the hnes of sines =<<4 C B^ 
and apply it to the scale of equal parts, when 70 J will be read off, which 
is the height of A B, 

To determine the distance A By the point A being inaccessible. 




Fig. 2. 



Measure off from B, at right angles to -^ -^, a distance of say 100 
feet = ^ C, then having measured the angle A C B ^= say 40°, we have 
C A B = s^^y whence 

Sine CA B : C B : : Sine A C B\ A B. 

Take in the dividers as before, from a convenient scale, loo parts 
and make them a transverse distance between 50 and 50 of the lines of 
sines. Now without disturbing the Sector, take in the dividers the trans- 
verse distance between 40 and 40 of the lines of sines, when upon apply- 
ing this to the same scale of equal parts, we shall read off 84 feet as the 
distance A B. 
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The reason of these methods of working, with their results, will be 
clear when we remember that a given lateral distance is to its correspond- 
ing transverse distance, as any other lateral distance is to its correspond- 
ing transverse distance; and also that in any triangle the sine of the 
angle opposite a given side : the given side : : the sine of the angle oppo- 
site a second side : the second side : : the sine of the angle opposite the 
third side : the third side ; so that all the sides of the triangle become 
transverse distances and the sines of the angles become lateral distances. 
It is immaterial whether we take the transverse distance from the lines of 
lines, or from any other and more convenient scale : the result will always 
be the same. 

Before closing it is necessary that we say a few words about the hues 
of logarithmic numbers, sines and tangents (scales 10, 11 and 12, page 
H2). If the Sector be opened out to its full extent, it will be seen that 
these scales correspond identically with those of the slide rule : they may 
be used in the same way by taking oflf the distances with the dividers or 
on*a slip of paper. The chief points to be borne in mind are that multipli- 
cation is effected by adding the distance represented by one factor to the 
distance represented by the other factor, when the total resulting distance 
represents the product, and that in division the distance corresponding to 
the divisor is subtracted from the distance corresponding to the dividend, 
the quotient being represented by the remaining distance. Multiplication 
is, therefore, always performed forwards to the right, and division back- 
wards to the left. 



A NEW PANTOGRAPH. 




Fig. I. 

We described in a former number of The Compass (October, 1892) 
the principles which govern the construction and use of that form of Pan- 
tograph by which the reproduction of a design is obtained in a reversed 
position, and which is generally adopted for the better class of instru- 
ments. We also stated that the bars A ^and A 7, Fig. 2, are in these 
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instruments fully graduated, so that by means of a simple formula the left 
bar and the fulcrum sockets can be set to any desired proportion. 

The price of these high-class and well-finished instruments, (described 
in Vol. I, p. 77) has, however, often proved an obstacle to their more 
general adoption. To meet, therefore, a long felt want, our publishers 
have recently brought out a modified and improved form of one of their 
older instruments, which practically is capable of being used within the 
limits of, and for the same work as the higher priced Pantographs. 

This instrument, shown in Fig. i, is made of triangular brass tubes, 
carefully jointed together. A fixed socket is attached to the ends of the 
bars A T and C P, in either one of which a pencil point or a tracer point 
can be secured. The bar ^ Z' is in one piece, but the bar A T tele- 
scopes, that is, when it is required to be shortened so as to reproduce a 
drawing in any ratio other than that of i to i, as shown in Fig. 3, the 
length A T \s made to slide within the bar A B, being held in the re- 
quired position by a set screw at A. This bar A Tis fully graduated, the 
distance from A to T, when the instrument is set to i to i, as in Fig. i, 
being divided into 60 equal parts, which are numbered on the left-hand 
side consecutively 5, 10, 15, etc. Various fixed proportions from i to i, 
9 to 10, 5 to 6, etc., down to i to 6 are marked on the right-hand side of 
their corresponding divisions. 

The fulcrum socket slides on the bar A F^ and on the under side of 
the fulcrum has a small hole into which a short pin fits, which is used for 
setting the fulcrum. 

To set the Pantograph to any proportion^ say /^to $, 
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Slide the bar A T in the bar A B until the 17th division, upon 
which IS indicated the ratio 4 — 5, just touches the lower end-edge of the 
bar A B, and clamp it firmly. Now on the edge of a piece of paper draw 
a straight line, and set the points T and F upon this line, the opening 
out of the arms of the pantograph being about as shown in the figiure. 
Having put the small pin into the hole in the fulcrum, slide the fulcrum 
socket upon the bar A D until the pin point F is also upon the straight 
line, then clamp the socket and take the pin out. The instrument is now 
set to the proportion 4 to 5, and only requires the fulcrum to be placed 
in the hole in the weight, after this has been placed in position on the 
drawing board. Settings for other indicated proportions obtained in the 
same way. 

It will be observed that this method of '^setting" the instrument is 
exceedingly simple ; it has also the further great advantage that the bars 
of the pantograph are not in any degree strained or bent by the operation, 
as often happens when the fulcrum is fixed in the weight before setting the 
arm A T and the fulcrum socket. The weight can also be placed 
in any desired position on the drawing board and the fulcrum afterwards 
inserted in the hole in the weight. 

The setting just obtained gives the proportion of 4 to 5, that is, in 
Fig. 3, if a: or 7* T'* = 4 units, then j/ or /*/** = 5 units. If the repro- 
duction is to be larger than the original, put the pencil in the socket 
F and the tracer in the socket T^ but if a reduction is desired, that is, it 
the reproduction should be smaller than the original, reverse the points, 
putting the pencil in the socket T and the tracer in the socket F, 
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The Settings marked on the bar A Tzxt the following: — 

Division 35, Proportion i to 2 

41, . *' 2 '* 5 

45, « I ^' 3 

" 50, '* I ** 4 

53, " I " 5 

55, « I " 6 

To find ^^ Settings' other than those indicated on the bar A 7. 
The bar ^ 7* is divided into 60 equal parts, zero being at A and 60 
at 7. Settings are obtained by means of the following formula, — 

Setting = 65 -^°X^ 

in which x = the movement of the point from 7 to 7*, 
and y = the movement of the point from Pio F*, 
Example : — Find the Setting for the proportion 5 to 9. 

Setting = 65 -^^Ai=: 31.7 
9 
The lower end- edge of the bar A B must therefore be put in contact 
with the division 31 plus '/,oths of a division on the bar A 7, after which 
the fulcrum socket is set in the manner described. 

This Pantograph may also be used for the reproduction of drawings 
so that the area of the copy may bear a given proportion to the area of 
the original. The settings used for this purpose are obtained by the fol- 
lowing formula : — 

Setting = 65 ~^^4V:? 
V> 

Thus, if we wish to reproduce the plan of a certain plot, or the drawing of 
a piece of machinery, so that the area of the original shall be to the area 
of the copy in the proportion of 4 to 9, we have 

Settings 65 -^^4A^4^ 

An arrangement is provided for lifting the pencil from the surface of 
the paper, so that any portions of the original may be passed over by the 
tracer, without showing corresponding marks on the reproduction. 

The instrument is substantial and carefully made, and will, we are 
sure, give satisfaction to all those who are in want of a good Pantograph 
at a moderate price. 
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The probable error of the mean of all the angle readings 

= 4- 0.67 \/o.o6 = -f o'.i64 

which makes our final result, or the direct distance from the transit to the 
targets 82873 feet -j- 0.375 foot, being a probable error of i in 2200, 
which is very small for a distance of over 800 feet. 



We have received from a subscriber the following communication ; — 
"I have read with the greatest interest your article on "A New Tele- 
meter Target" in the June number of The Compass. It is certainly a 
great stride in the direction of practical Telemetry, and for the measure- 
ment of hectara mining claims in the rough mountains of Mexico far sur- 
passes anything of which I have knowledge. Engineers or surveyors do- 
ing this class of work are, in most cases, poorly paid — the majority of 
mine locators are so poor — and any method that expedites the work with- 
out sacrificing accuracy is a desideratum, a want fully met for the first 
time by your new Telemeter Target. The price seems to be high, but I 
have no doubt is as low as Messrs. Keuffel & Esser Go's high grade of 
work will allow. 

I do not quite see the necessity for formulas (4) and (5). Is not the 
true horizontal distance O C* obtained directly in all cases whether on 
level or sloping ground ? The horizontal angle A O B \^ always the 
measured angle and A^ C^ ^= A Cis always known, and from the solu- 
tion of O C A the horizontal distance O C is found. In the vertical tri- 
angle O C C^, O Chas been found and the vertical angle measured and 
therefore C * C results from the formula 

C* C= (9 Ctan vertical angle. 

If the inclined distance is wanted for any purpose, it may be obtained 
as is well known, from the formula 

C'0= ^^ ■ 

Cos vertical angle 

We have received a similar letter from another reader. While re- 
specting the opinions of our friends, we are unable to accept, in this case, 
their corrections, and that for the following reasons. 

* We have not reproduced either of our friends* figures, but made our own apply to 
their arguments. We ought to state, however, that they do not show the slanting lines 
A^a and B^b^ upon which in reality the contention depends. 
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Let in the above figure A^ B^ represent a Telemeter Target, placed 
on a hillside, the distance between centres being 4 feet, and O be the 
position of an observer in the valley below, and let 

O C ^= 400 feet = horizontal distance, 

C* C*= 300 feet = vertical height, then 

OC^ = Direct Distance. 



whence 



= VO C* -t- C» C" = 500 feet. 

It will be evident that 

C = A' C X Cot^ a 

_ C (9 _5oo 
A'C 2 



Cot^a^^,^,, 



= 250 = say 14 
whence a = 28 Minutes. 

Now as the angle a measured on the horizontal limb of the transit is 
equal to the horizontally projected angle A O B, we have also 

C = A CX CoH A.OB, 
whence, C O being = 400 feet, 

CO _ 400 



A C = 



Cot ^A O B Cot 14' 



250 

whence A B = ^.2 feet. 

If, however, as argued by our correspondents, this new telemeter tar- 
get gave in all cases ^'frue horizontal distances whether it be on the same 
level as the transit or not," we should have A B ^^ /^ feet and not 3. 2 
feet. 
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It is, therefore, clear that the elevated chord A^ B\ subtended by the 
angle a, is not the same length as the horizontal chord A B subtended by 
the angle A O B which is equal to a. The angle at O subtended by a 

horizontal chord a b oi /^ feet, at 400 feet distance, would be — = 200 

= Cot 17'. whence the angle a O b would be 34' instead of 28' as the 
angles a and AO B, 

Again suppose the vertical height C * C were 400 feet, then the angle 
a would be smaller, or about 12' and if C** C were 500 feet, the angle a 
would be still smaller, or about 10'. It is, therefore, impossible that the 
three different measurements of o', that is 10', 12' and 14', should all give 
the same horizontal distance C O oi 400 feet, which would be the case 
if we allowed that the "true horizontal distance C (9 is obtained directly 
by the measured angle a in all cases whether on level or sloping ground." 
True, if the vertical angle CO C*Ms very small (less than 2°), the diffei^- 
ence between the direct or inclined distance and the horizontal distance is 
inappreciable and may be neglected, but in mountainous districts, such as 
those referred to by our correspondent, this is very frequently not the case, 
and then it is absolutely necessary that the correction be made, as given 
in our formula (4), — which stands thus 

Horizontal Distance in Feet = 11278.56 X — X Cos ^, 

tn 

a being the angle of elevation or depression of the transit telescope, which 

m our figure is 36° 52', whose cosine is 0.8, which gives us 500 X 0.8 

= 400 feet = C (9. 

Again : — If two chords of an arc are of equal length, and their respec- 
tive radii vary in length, then the apex angles subtended by these chords 
must and will be of different magnitudes, and if the apex angles are equal, 
and their respective radii vary in length, then the chords must and will be 
of different lengths. 

If, therefore, in two measurements, as ^* O B^ and aO b^ one of the 
three quantities, chords, radii or apex angles, differs in one case from the 
same quantity in the other case, then one at least of the other quantities 
must also proportionately vary; that is, one quantity cannot vary and the 
other two be alike, or if two quantities are alike, then the third ones will 
also be ahke. 

As, therefore, the chords A^ B^ and A B subtended by the angle a 
are of different lengths, then the radii, and consequently the direct and 
horizontal distances C^ O and C O must be of different lengths. 

We should be glad to have the opinion of any other of our readers on 
this subject. 
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STEEL TAPES WITH TEMPERATURE 
COMPENSATING SCALE, 



s 



PATENT APPLIED FOR. 



Fig. 1. 

It IS LITTLE conceived by some what importance should be attached 
to the question of temperature when making careful and would-be accu- 
rate measurements with a steel tape or chain. That steel expands when 
under the influence of heat is known to all, but it is generally supposed 
that the rate of expansion is so slight, that it can hardly affect the results 
of measurements in the field, and may safely be ignored. 

The Coefficient of Expansion of steel is not an absolutely fixed quan- 
tity, as it varies from 0.0000055 ^^ 0.0000070. For steel tapes it may be 
taken, however, as being pretty uniformly 0.000006 for each degree Fahren- 
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heit, expanding with heat and contracting with cold, that is, if a tape could 
be made which would measure exactly 1 000000 inches in length when its 
temperature is 62** Fahr , it would if the temperature were 63° be 6 inches 
longer, and if the temperature were only 61*, it would be 6 inches shorter. 
Sixty-two degrees Fahrenheit is the temperature called '^standard" by the 
office of Weights and Measures of the U. S. Coast & Geodetic Survey, 
and comparisons of steel measures are made at this temperature. 

If, therefore, we have a steel tape, 100 feet long, which is standard, 
that is, which really measures 100 feet at 62° Fahr., and suppose this tape 
were being used when its temperature was reduced 50 degrees to 12', then 
the tape would in reality measure 100 — (0.000006 X 50** X 100 ft.) = 
99.97 feet. Measures taken with it would, therefore, be cumulatively 
erroneous to the extent of one in 3333, (which for a mile would make a 
total error of 1.584 feet) and would have to be subjected to a temperature 
correction if anything like precision were required. 

As a difference of temperature of 50 degrees and more in the short 
space of a month or even less, is no uncommon thing in this country 
where differences of 30 degrees between two consecutive days are far from 
rare, it will be seen that this factor of expansion should not be ignored. 

Figure i represents the last 2 inches of a new 100 foot steel tape, ^ 
inch wide, fully divided into tenths and hundredths, by means of whicli 
the correction for temperature may be made while a measurement is being 
taken, subsequent calculations becoming thus unnessary. The large 
figure 9 determines the division 99^ feet ; to the right of this are seen 6 
subdivisions of j^ foot each, then follows a short but finely graduated 
scale from 120 down to o and on to — 20. This is a thermometric scale, 
made in accordance with the coefficient of expansion 0.000006 for each 
degree Fahr., and based upon 100 feet, the total length of the tape, thus 
making 0.0006 for one degree, or 0.06 feet for 100 degrees. The 100 foot 
figures are placed at 62^ of this scale, a short line on the lower edge of 
the tape indicating exactly its position. If the temperature of the tape 
when being used were 80° F., then, since the tape will have expanded by 
reason of the additional heat, the 100 foot length division will be in real- 
ity at 80 of the small scale ; while if the temperature of the tape were re- 
duced to 40° F., as the tape will have contracted, the 100 foot length 
division will be in reality at 40 of the small scale. By this means the cor- 
rection for temperature is made without the application of the usual form- 
ula, each measurement of 100 feet being thus precisely one hundred feet. 

If it be required to measure a shorter length than 100 feet, then the 
correction must be made by means of the formula, thus for a length of 80 
feet and a temperature of say 92° F., we have 

80 -{- (0.000006 X 30° X 80 ft.) = 80.0144 feet. 
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As the temperature is higher than the standard the tape has expanded, so 
if we wish to take off the measurement of the 80 feet division, it will in 
reality be 80.0144 ^^^t, but if we wish to set off 80 feet exact, then we 
must use the division 80 — 0.0144=79.9856 feet, reading off by the 
actual graduations of the tape 79.98 feet, and estimating as nearly as pos- 
sible the position of the additional 0.0056 feet. 

That the question of expansion is worthy of consideration will be evi- 
dent from the following suppositionary case, which may not infrequently 
be met with in actual practice. Suppose a measurement of 1000 feet has 
been made on a given day with a temperature of 50® F., and that for 
some reason or otiier it is necessary to verify it on the morrow, when the 
temperature has risen to 70°, and that the factor of expansion has not 
been taken into account ; the difference between the two measurements 
would be 

0.000006 X 20® X 1000 ft. = 0.12 feet, 

so that clearly they could never be made to agree. 




Fig. 2. 

We can strongly recommend these steel tapes, which are of the Ex- 
celsior brand shown in Figs. 2 and 3, as they are made to U. S. Stand- 
ard at 62° F. and are consequently thoroughly reliable. 

Figure 2 represents what is styled a Stevens Excelsior Steel Tape, \ 
inch wide, on a Patent Brass Frame, with Patent folding Handle, while 
Fig. 3 is a Columbia Excelsior Steel Tape, \ inch wide, in bent leather 




Fig. 3- 
case with Patent folding flush handle. They may be had divided in feet 
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and inches or in feet and tenths as desired, the graduations in all cases 
being clear and distinct. 

In what precedes we have naturally assumed that a uniform rate of 
tension would always be applied to the tape ; this should in the case of 
the Stevens and the Columbia be from 6 to 7 lbs. for 100 feet, with a 
proportionate amount for shorter lengths. 



ADJUSTING AN ENGINEERS LEVEL. 

We have received from a correspondent the following communica- 
tion which we publish with pleasure, hoping it may interest some of our 
readers. 

"Below I give you a method of adjusting an Engineer's Level which 
I have never seen in print although I consider it far superior to that set 
forih in the books. The method is not original with me and I do not 
know the author. 

The first adjustment, set forth in all the books on this subject, con- 
sists in getting the intersection of the cross-hairs in the centre of the tele- 
scope. This is done by clamping the instrument, sighting to some distant 
point, and moving the cross- hairs until they cover the point in all posi- 
tions when the telescope is rotated in the wyes. 

The second adjustment, which is the one I wish to speak more par- 
ticularly of, is generally performed by bringing the bubble into the centre 
of the tube, then lifting the telescope out of the wyes and reversing it end 
for end, and if the bubble does not return to the centre, bringing it half- 
way with the adjusting pin and the other half with the leveling screws. 
This is repeated until the bubble remains in the centre when either end of 
the telescope is in front. 

The superior plan is as foUdws ; — After the cross-hairs are adjusted 
to centre of telescope, go out on a level piece of ground and set up 
the level near its centre. Have the rodman step off equal front and back 
sights, say about 500 feet each, (or rather have them accurately measured) 
and drive a peg at each station. Take a reading upon a rod held on 
each peg, when the difference of the readings will be the true difference of 
level of the pegs, no matter how much out of adjustment the level may 
be. Then go near one peg, set up the level and take a reading on the rod 
on the near peg. Calculate what the reading should be on a rod held 
on the distant peg, and have the target set to that point. Then with 
the leveling screws bring the telescope to make the cross wires cut the tar 
get, after which bring the bubble to centre of tube by means of the adjust- 
ing pin. Repeat the process if necessary. The superiority of this method 
is evident." 
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UNIVERSAL PROPORTIONAL DIVIDERS, 




Having been informed recently by Dr. Coleman Sellers, of Phila- 
delphia, that proportional dividers had been constructed many years ago 
with a fully and equally divided scale from point to point, we determined 
to investigate the matter, and with this object in view at once went to 
Philadelphia, where, we were informed, full particulars might be obtained. 
We directed our steps to the Franklin Institute, access to its valuable 
library being allowed us by Dr. Wahl's kind permission. 

Our researches resulted in the discovery that an engineer named 
Oliver Byrne invented a proportional divider, fully and equally divided 
from point to point, these divisions being further subdivided by means of 
four verniers, and that the first instrument of the kind was made by Gary, 
of 181 The Strand, London, and was exhibited and explained at York, 
before the British Association in the year 1844. A full description of 
this interesting instrument, which the inventor termed a ''Byrnegraph" is 
given in **A Dictionary of Machines, Mechanics, Engine- Work and Engi- 
neering," edited by Oliver Byrne, and published by D. Appleton & Co., 
New York, in 1850. It is remarkable that the description of the Byrne- 
graph was expunged from later and enlarged editions of the Dictionary, 
whence we gather either that the instrument did not in those days meet a 
felt want, or that its cruder construction prevented the value of the prin- 
ciples involved being made of practical use. 

As a natural result of this discovery, we immediately gave instructions 
to have our application for a patent withdrawn. This does not, however, 
imply that the Universal Proportional Dividers (fully described in 
The Compass, for September, 1892), will be withdrawn from sale. On 
the contrary, the substantial appreciation accorded them will encourage 
us to make their value more widely known. We also understand that as 
a testimony to their usefulness, similar instruments will now be put on the 
market by others, so all we can do is to claim for our invention in- 
dependent discovery, (we are debarred by the regulations of the Patent 
Office from obtaining protection for ihe same), which merit cannot be 
claimed on behalf of any makes other than the Paragon. This original 
brand will be known by the registered name ^'Universal" Proportional 
Dividers. 
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Our thanks are due and are hereby publicly tendered to Dr. Coleman 
Sellers for his kindness in bringing this matter to our notice. 

We conclude these remarks, which in justice to ourselves we felt it 
right to make, by bringing before our readers Dr. Seller's appreciation of 
this re-invention. He wrote us as follows under date October 25th, 1892 : 

"Having for some days used your new arrangement of proportional 
dividers, made by Keuffel & Esser Co., and described in the "Compass," 
Vol. II. page 47, I find the method of division by one scale and a Ver- 
nier, accompanied by the table of settings for various ratios, is very much 
more convenient than the ordinary graduations of the instrument, where 
it is graduated in several different places, for lines, for circles and for 
solids and planes, as less time is taken to make the setting with the new 
instrument than with the old one, and its scope of utility is much increased, 
making it in every way preferable for engineer's use. 

"I thank you for having called my attention to this instrument and 
althouojh provided with very excellent proportional dividers of the old 
style, I find this so much more convenient as to confirm me in its use in 
preference to the other." 



A NEW PIVOT JOINT FOR DIVIDERS AND 
COMPASSES. 

The value and usefulness of dividers and compasses depends mainly 
upon two points, namely, material and workmanship, the latter being 
especially important in the joint, which being the most essential part of 
the instrument, requires the greatest care to make it perfect. 

Numerous devices have been brought out with a view to the produc- 
tion of correctly constructed divider joints, but very few of them have 
proved satisfactory, and of these the "Pivot joint" has been considered 
(by all those who have no objections to a handle on the larger sized com- 
passes) the one whose construction is the most perfect. 

Fig. I shows this joint as it has generally been made. The 
two pivots a, a, which pass through the arms of the fork, not 
only hold the heads of the two divider legs in their respective 
places, but when screwed against the heads produce the de- 
sired friction, after which they are secured by the small set 
screws b, b. This mode of preventing the pivots from be- 
coming loose has great objections, seeing that the set screws 
spoil the thread of the pivots, (thus destroying the means 
of readjustment), and being naturally very thin and slender, 
bend or break easily, and on account of their position col- 
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lect dust and dirt, thus impairing the delicate working parts of the joint ; 
the entire conobination of the joint is also very unsightly. 

In order not only to preserve all the good features of this style of 
joint, but rather to increase them, Mr. Herman Esser, of the firm Keuffel & 
Esser Co. has devised an improved mode of absolutely locking the pivots, 
which, without doubt, adds to the appearance and durability of the joint. 
The essential features of this new pivot-joint, applied solely to Paragon 
instruments^ as shown in Fig. 2, are the following : 

The pivots D^ D are held securely by 
means of thin steel discs or lock-nuts EyE^ 
which fit nicely in circular recesses in the 
arms of the fork, and which are tapped 
to correspond with the screw threads of 
the pivots. Each disc is provided with 
two notches ^, ^, adapted to receive the 
prongs of the key J/J by which it is turned 
round. After the screws or pivots are 
set to give the desired amount of fric- 
tion to the heads of the divider legs B 
and C, the disc is screwed up, causing it 
to press strongly against the base of its 
recess, thus holding the pivot firmly in 
its place. By the sinking of the thin 
lock-nuts in the recesses as shown, the 
^*S- 2. instrument presents a tasty, well-propor- 

tioned and ornamental appearance, while all risk of injuring the screw 
threads of the pivots or of breaking set screws is avoided, and no place for 
collecting dirt exists. 

The new series of Paragon dividers and compasses with pivot-joints, 
now presented, will certainly tend to make this class of instruments more 
popular, especially as it is one which we can recommend as confidently 
as we have already done Paragon dividers with tongue-joints, and other 
instruments of the same brand. 




TO TRISECT AN ANGLE, 

This geometrical problem which has puzzled so many mathemati- 
cians and others, has been solved by Mr. O. M. Tennison, of New Orleans, 
in a very ingenious manner. The solution sent by him to the Times- 
Democrat of that city is so simple that we wonder it was not discovered 
before ; it is as follows : — 
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Fig. I. 



Let A B and A Cm the above figure be two straight lines forming 
the given angle :*:, whose third part it is desired to find by geometrical con- 
struction. 

Extend the line A B indefinitely, and on it describe a semicircle 
E C B oi any convenient radius A B, having its centre at A, 

On any convenient straight edge, as that of a ruler or a strip of paper 
lay off a distance equal to the radius A B oi the circle ; apply this straight 
edge to the figure in such manner that it may cut the circle in E and C, 
and meet the straight line D B 2X D^ the distance D E being that laid off 
on the straight edge equal to the radius A B^ then draw the line D C and 
the radius A E. 

Now by construction A D E and ACE are isosceles triangles, hav- 
ing the angles b and b^ of the one, and the angles d and d^ of the other, 
respectively equal to each other, then 

Angle c = 180° — b-'b'= 180* — 2 b; 
« d=b-\-b^ = 2b; 
" e= 180** — d—d^ = iSo"* — 2d 
= 180** — 4 b, 
therefore angles x -\- b^ = 4 b, 

whence angle :*: = 3 ^, 

and *' d ^ ^ X. 



THE METRIC SYSTEM. 

We have received the following communication from the Secietary 
of the New Decimal Association (established to promote the adoption of 
a Decimal System of Weights, Measures and Coinage in the United King- 
dom), dated, London, 8th May, 1893 : — 

Messrs. Willans & Robinson, of Thames Ditton, Surrey, have now 
adopted the metric measures in their works. They have adopted this 
course owing to the practical convenience of the Metric System, and to 



Digitized byLjOOQlC 



'92 THE COMPASS. July, i$^ 

their conviction that they thus obtain commercial advantages in securing 
orders in those countries where the metric system is in force, and in order 
that parts of engines made by them may be interchangeable with those 
made by tlieir licensees abroad. We are authorized to state that their 
existing standard sizes of engines, chiefly used for non-condensing pur- 
poses, will remain unaltered, in order, among other reasons, to avoid in- 
convenience to present users of their engines, the gauges, templets, etc., 
only, for the sake of uniformity in the works, being stamped to the nearest 
hundredth of a millimetre. A new series of engines, however, specially 
designed for condensing work, which is now in hand, and all new works 
will be constructed to even measurements on the Metric System. 

Mr. Charles Louis Hett, of the Turbine Foundry, Brigg, contem- 
plates adopting this system of measurement in his Works also." 

Messrs. J no. Birch & Co., of Queen-street-place, London, have re- 
cently sent to London Engineerings the following letter received from an 
English engineer in Brazil, which goes far to prove the statements which 
appeared in our May issue. 

"I may tell you that foreign manufactured goods of all kinds are pushing 
us out of the market here, and this is greatly due to the fact that foreign 
manufacturers send out their catalogues made out in the language of the 
country, and all weights and measures in the metrical system. Engineers 
here will not take the trouble to convert our hodge-podge mixture of 
weights and measures into the metrical system, and indeed, it is not to be 
wondered at ; they consequently do not understand them, nor have they 
any basis for comparison with the prices, strength of cross-section, etc , of 
Belgian and French goods which are in favor here. I assure you I have 
known Brazilian engineers say to me, 'We like your English goods very 
much. We believe them to be the best, and probably the cheapest in the 
long run ; but we do not understand your weights and measures. They 
convey nothing to our minds, and we, therefore, find it impossible to esti- 
mate from them.' " 

THEODOLITES. 

The following suggestion offered by "Toothed Wheel," appears in 
a recent number of Indian Engineering. 

"The expense of theodolites appears to be due to the accuracy of 
parts in their construction, necessitated by the readings being taken di- 
rectly from the scale of degrees. The introduction of mechanism like a 
watch would enable a theodolite telescope when turned through a certain 
angle to indicate that angle in degrees, minutes and seconds by hands 
moving on a dial with perfect accuracy — the only inaccuracy arising from 
Si play between the teeth of the wheels used — which can be eliminated." 
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